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SUMMARY
Amongst th e  209 p o s s ib le  PCB congeners a la rg e  number a re  
environm ental contam inants and a re  t r a n s f e r r e d  to  suck led  o f f sp r in g  
in  m ilk . As congeners v a ry  in  potency th e  to x ic o lo g ic a l  hazard  posed 
to  hunan b re a s t- f e d  In f a n ts  i s  d i f f i c u l t  to  a s s e s s .  The aim of th i s  
study i s  t o  compare th e  to x ic i ty  of s e le c te d  PCB congeners 
a d m in is te red  to  fem ale r a t s  by m easuring PCB e f f e c t s  in  t h e i r  
suck led  pups a f t e r  t r a n s f e r  in  m ilk .
Due to  th e  d i f f i c u l ty  and c o s t of o b ta in in g  s in g le  PCB congeners 
com m ercially , s ix  congeners (PCBs 97, 118, 156, 157 , 169 and 189) 
were sy n th e s iz ed  by a re p o r te d  method and p u r i f ie d  by a novel 
p ro cess  in v o lv in g  p re p a ra t iv e  HH.C. T heir i d e n t i t i e s  and p u r i t i e s  
were e s ta b lis h e d  u s in g  NMR, mass spectroscopy  and gas 
ch r  cm a to g r aphy.
The op tim al tim ing  of m aternal dosing , in  o rd e r to  d e te c t e f f e c t s  in  
21-day o ld  su ck led  pups, was in v e s t ig a te d  u s in g  AROCLOR 1254, a 
commercial PCB m ix tu re . The magnitude of PCB e f f e c t s  on l i t t e r  
s iz e ,  pup w eigh t, l i v e r  :body r a t io ,  l i v e r  microsomal p ro te in  
c o n c e n tra tio n , and th e  a c t i v i t i e s  of l i v e r  a n i l in e  hydroxylase and 
am inopyrine dem ethylase was unchanged when dams were exposed to  PCBs 
e i th e r  b e fo re  m ating , d u rin g  g e s ta t io n  o r du rin g  la c t a t io n .  No sex 
d if f e r e n c e s  were observed .
The sy n th es iz ed  PCB congeners w ere th en  a d m in is te red  to  l a c t a t ln g  
r a t s .  T h e ir e f f e c t s  on th e  param eters l i s t e d  above and on th e
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cytochrome P-450 c o n c e n tra tio n  in  l i v e r  microsomes were measured and 
compared in  th e  21-day o ld  suck led  pups. The decreasin g  o rd er of
potency was PCB 169 >PCB 157 >PCB 118 >PCB 189 >PCB 97. The e f f e c ts
of PCBs 169 and 157 were d e te c te d  in  second l i t t e r s  suck led  by the
same dams w ith o u t f u r th e r  PCB exposure. No sex d if fe re n c e s  were
observed , a p a r t  f r a n  a fo e to to x ic  e f f e c t  of PCB 16 9 in  second 
l i t t e r s .  The r e s u l t s  a r e  d iscu ssed  in  th e  l i g h t  of c u rre n t PCB 
s t r u c tu r e - a c t iv i ty  th eo ry .
R ats were a ls o  dosed d i r e c t ly  w ith both PCBs 169 and 97. No 
synergism  was d e te c te d  in  t h e i r  combined e f f e c t s  on l iv e r  
param eters a t  th e  doses used.
The rank  o rd e r of potency in d ic a te d  by the  congener study was 
compared to  t h a t  suggested  by dermal to x ic i ty  t e s t s  c a r r ie d  ou t w ith  
PCBs 157, 189 and 97 a p p lie d  d i r e c t ly  to  th e  sk in  o f h a i r le s s  mice
and by th e  e f f e c t s  o f th e  congeners on organ  w eigh ts  in  w eanling 
r a t s  dosed d i r e c t ly .  These t e s t s  confirm ed th e  general order of 




1 .1  The Commercial Im portance of P o ly ch lo rin a ted  B iphenyls, and th e  
B eginning o f th e  Environm ental Problem
P o ly c h lo r in a te d  b ip h en y ls  (PCBs) have been m anufactured in  th e  
U nited  S ta te s  s in c e  th e  1920s by th e  Monsanto Chemical C o .,S t. 
Louis, M issouri and m arketed  under th e  tra d e  name AROCLOR. This 
group o f compounds h a s  been o f g re a t in d u s t r ia l  Im portance, being 
id e a l fo r  use in  a v a r ie ty  of te c h n ic a l ly  demanding s i tu a t io n s .  They 
a re  ex trem ely  s ta b le  both th e rm ally  and chem ica lly , have a lew 
flam m ab llity  and w a te r s o lu b i l i ty ,  and a high e l e c t r i c a l  
r e s i s t i v i t y .  Consequently they have been w idely  used in  c lo sed  
system s such as c a p a c i to r s ,  tra n sfo rm e rs , and h e a t  t r a n s f e r  f lu id s ,  
and in  open system s a s  p l a s t i c l s e r s  and ad h esiv es. In  post-w ar y ears  
they  have been in  demand fo r  m o is tu re  p ro o fin g  and s e a l in g , and fo r  
use in  s y n th e t ic  r e s in s ,  ru b b e rs , p a in ts  and v a rn ish  ( 1 ) .
Other companies have m anufactured  and m arketed PCBs over th e  p a s t 
few decades: in  Japan  under th e  tra d e  name of KANECHLOR, in  th e  USSR 
as  SCVQL, in  I t a l y  as FEN CL OR, in  Germany as CLOEHEN and in  France 
a s  PHENOCLOR and PYRALENE. Over th e  s ix ty -o d d  y e a rs  s in ce  PCB 
p ro d u c tio n  f i r s t  began on an in d u s t r ia l  s c a le  in  th e  U nited  S ta te s ,  
many m ill io n s  o f pounds o f th e se  chem icals have been produced and 
d i s t r ib u te d  w orld -w ide. The h is to r y  of t h e i r  p ro d u c tio n  and use i s
1
th e  s u b je c t o£ an in te r e s t in g  review  by Brinkman and De Rok ( 2 ) .
Mass environm ental damage due to  m an 's u n co n tro lled  a c t i v i t i e s  has 
become a f e a tu r e  of th e  tw e n tie th  cen tu ry . An o u ts ta n d in g  example of 
t h i s  i s  th e  problem s c re a te d  by the  w idespread  use of p e s t ic id e s ,  an 
is su e  which was brought sharp ly  in to  focus in  1962 by Rachel 
C arso n 's  book S i l e n t  S pring  (3) in  which she s t a t e s :
"The most a larm ing  of a l l  m an's a s s a u l t s  upon th e  envirorxnent 
i s  th e  con tam ination  of a i r ,  e a r th , r iv e r s ,  and sea  w ith  
dangerous and even l e th a l  m a te r ia ls .  This p o l lu t io n  i s  fo r  
th e  most p a r t  ir re c o v e ra b le "
The concern a ro u sed  by C arson 's  a n a ly s is  o f th e  p e s t ic id e  problem
was soon overshadowed by s im ila r  concern over PCBs, which in  th e
o p in io n  o f Brinkman and De Rok (2) " a t ta in e d  th e  dubious honour of
su rp a ss in g  th e  c h lo r in a te d  in s e c t ic id e s  as  th e  most ta lk e d -a b o u t
o rg an o ch lo rin e  p o l lu ta n ts " .
In  th e  l a t e  196 0s two ev en ts  o ccu rred  which were to  In troduce  th e  
e ra  of concern  over PCBs. The f i r s t  was in  1966 when a Swedish 
s c i e n t i s t  re p o r te d  th e  presence of p rev io u s ly  undetec ted  su b stan ces  
in  e x t r a c t s  o f w i ld l i f e  samples p repared  fo r  gas chrom atographic 
a n a ly s is .  These sub stan ces  were id e n t i f i e d  a s  PCBs ( 4 ) .  The second 
was in  196 8 in  Japan when hundreds of people were poisoned by 
cooking o i l  which had been contam inated  w ith  KANECHLOR 400, a 
commercial PCB p ro d u c t. This c a ta s tro p h y  became known a s  th e  "Yusho" 
( r i c e  o i l )  In c id e n t, and th e  v ic tim s  experienced  n e u ro lo g ic a l , 
d e rm a to lo g ic a l, re p ro d u c tiv e , immunological and h e p a tic
a b n o rm a litie s  which came to  be known a s  th e  symptoms of "Yusho" (5) . 
These two ev en ts  a roused  concern  over th e  s a fe ty  of PCBs in  th e  
environm ent, and s in c e  th en  th e  nunber of s c i e n t i f i c  r e p o r ts  on th e
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o ccu rren ce , chem ical a n a ly s is  and to x ico lo g y  of th e  PCBs has 
p r o l i f e r a te d  enorm ously. A g re a t  deal of p ro g ress  has  been made 
tow ards u n d e rs tan d in g , bu t no t n e c e s s a r i ly  so lv in g , th e  problems 
they  appear to  pose. I t  i s  now c le a r  th a t  PCBs have spread  to  alm ost 
every co rn er of th e  g lobe, having been d e te c te d  in  th e  t i s s u e s  of a 
m u ltitu d e  of anim al and p la n t  sp ec ie s  as  w e ll as in  s o i l  and in  th e  
sed im en ts of r i v e r s ,  la k e s  and oceans. The d is t r ib u t io n  of PCBs has 
been review ed by v a rio u s  a u th o rs  ( 6 ,7 ,8 ) .
Follow ing th e  d is tu rb in g  e v en ts  of th e  l a t e  1960s, Monsanto ( th e  
p r in c ip a l  m an u fac tu rer) ceased  PCB p ro d u c tio n  fo r  v i r t u a l ly  a l l  
uses excep t in  c lo se d  system s. As had been th e  case in  th e  
p ro d u c tio n  of th e se  chem icals, th e  U nited  S ta te s  took  th e  le a d  in  
subsequent a tte m p ts  to  c o n tro l th e i r  use . In  1976 Congress passed 
th e  Toxic S u b stances Control Act which c o n tro ls  th e  use of PCBs. In 
1977 th e  m anufactu re  and d is t r ib u t io n  of PCBs except in  t o t a l l y  
enclosed  system s was banned. The American a ttem p ts  to  ta c k le  th e  
problem and th e  re sp o n ses  o f v a rio u s  I n te r e s t s  and p re s su re  groups 
have been d iscu ssed  by M ille r  ( 9 ) .
A tte n tio n  has a ls o  been a t t r a c t e d  by th e  polybrcm inated b iphenyls, 
th e  brcroinated analogues of th e  PCBs. These caused concern when they  
e n te red  th e  food c h a in  in  contam inated c a t t l e  feed  in  th e  U nited 
S ta te s .  Used m ainly as f i r e  r e ta rd e n ts ,  they were l e s s  w idely used 
th an  th e  PCBs but e l i c i t  many of the  to x ic  e f f e c t s  ty p ic a l  of th e  
h a logena ted  hydrocarbons (1 0 ) .
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1 .2  C o m p o sit io n  o f  Commercial PCBs and t h e  C om plexity  of th e  Problem
F ig u re  1 . 1  shew s t h e  g en era l  r e a c t i o n  used i n  t h e  m an u factu re  of  
PCBs, a p r o c e s s  which i s  based on t h e  c a t a l y t i c  c h l o r i n a t i o n  o f  
b ip h e n y l  ( 5 ) .
F ig u r e  1 . 1 . R e a c t io n  used i n  t h e  m a n u fa ctu re  o f  PCBs by 






The r e a c t i o n  g i v e s  r i s e  t o  a m ix tu r e  of PCB co n g e n e r s ,  each  
d i f f e r i n g  i n  t h e  number or p o s i t i o n  o f  c h l o r i n e  atoms on t h e  r i n g s .  
The numbering system  norm ally  used  f o r  PCBs i s  shewn i n  f i g u r e  1 . 2 .
F ig u r e  1 .2  . Nunbering sy stem  commonly used t o  
d e s c r ib e  PCB c o n g en er s .
Numbers a r e  w r i t t e n  i n  a s c e n d in g  o rd er ,  e . g .  2 ,3  ,3 * , 4 , 4  ' , 5 -
hexa ch i or obi pheny l. There a re  209 p o s s ib le  PCB congeners. T heir 
i d e n t i f i c a t i o n  h as  been s im p lif ie d  by B a llsch m ite r and Z e ll (11) who 
proposed a nun be r in g  system in  which each congener i s  id e n t i f i e d  by 
a nun be r  between 1 and 209, in  in c re a s in g  o rd e r of c h lo r in a t io n . For 
example, 2 ,3 ,3 ' ,4 ,4 ' ,5 -hexach lo rob ipheny l i s  PCB 156. By vary ing  th e  
m anufactu ring  c o n d itio n s  th e  p ro p o rtio n s  of th e  d i f f e r e n t  congeners 
p re se n t can be v a r ie d  to  y ie ld  m ix tu res  w ith  co rrespond ing ly  
d i f f e r e n t  chem ical p ro p e r t ie s .  Consequently th e  t o t a l  ch lo rin e  
co n ten t a ls o  v a r ie s  and t h i s  i s  r e f le c te d ,  in  th e  case of th e  
AROCLORS, in  th e  product name. AROCLOR 1254 fo r example i s  based on 
th e  12 -carbon  b iphenyl nucleus and c o n ta in s  54% by w eight of 
c h lo r in e . The com position o f some of th e  d i f f e r e n t  AROCLOR p ro d u c ts  
i s  shown in  t a b le  1 .1 ,  th e  data  in  which should be regarded  a s  
approxim ate because c o n f l ic t in g  re p o r ts  have appeared  in  th e  
l i t e r a t u r e  ( 2 ) .
Table 1 .1 . Composition and c h lo rin e  co n ten t of seme commonly used 
AROCLOR p ro d u c ts . Data frcm E u tz in g er e t  a l . ( 1 2 ) .
AROCLOR C hlo rine  Composition %w/w of each Congener Type
%w/w mono d i t r i  t e t r a  penta hexa h ep ta  octa  nona
1242 42 3 13 28 30 22 4
1248 48 2 18 40 36 4
1254 54 11 49 34 6
1260 60 12 38 41 8 1
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The complex com position  of th e  commercial PCBs has f a r -  reach ing  
a n a ly t ic a l  and to x lc o lo g ic a l im p lic a tio n s . There i s  co n s id e rab le  
v a r ia t io n  between th e  d i f f e r e n t  congeners in  to x ic  potency , and 
d i s t i n c t  s t r u c tu r e - a c t iv i ty  r e la t io n s h ip s  have been d e sc rib ed . These 
a r e  d iscu ssed  in  ch ap te r e ig h t .  The v a r ia t io n  in  to x ic i ty  between 
d i f f e r e n t  congeners has meant t h a t  cheroical a n a ly s is  of samples fo r  
PCBs needs to  be c o n g en e r-sp e c if ic  in  o rd e r to  allow  m eaningful 
to x lc o lo g ic a l  assessm ent. This c o n tra s ts  w ith  e a r l i e r  a n a ly t ic a l  
methods which tended to  m easure only t o t a l  PCB le v e l s .  Recent 
advances in  a n a ly t ic a l  methodology, and th e  development of s y n th e tic  
methods to  provide th e  pure  congeners n ecessa ry  as a n a ly t ic a l  
s ta n d a rd s , have c o n tr ib u te d  immensely to  our p re se n t understand ing  
of th e  PCB problem. The chemical p ro p e r t ie s  of PCBs have been 
review ed in  d e ta i l  by H utzinger e t  a l . ( 1 2 ) .
In  a d d it io n , i t  h as  now been e s ta b l is h e d  t h a t  many commercial PCB 
p ro ducts  c o n ta in  o th e r  c h lo r in a te d  hydrocarbons, e .g .  p o ly c h lo rin a te d  
d ibenzo fu rans (PCDFs; 13,14) and p o ly c h lo r in a te d  n aph thalenes (PCNs? 
1 5 ,1 6 ) . PCDFs a re  in  general co n sid e rab ly  more to x ic  th an  th e  PCBs 
(17) and th e  to x ic i ty  of th e  c h lo r in a te d  n ap h th a len es  has been 
dem onstrated  (1 8 ) . PCDFs a s  w e ll as p o ly c h lo rin a te d  qu a terp h en y ls  
(PGQs) were found in  th e  cooking o i l  im p lica ted  in  th e  Yusho 
in c id e n t a s  w e ll as in  th e  t i s s u e s  of sane of th e  v ic tim s  
(1 9 ,2 0 ,2 1 ,1 4 ,2 2 ) . PCDFs and PCQs have a lso  been found in  th e  cooking 
o i l  im p lica ted  in  th e  Taiwan po ison ing  in c id e n t, and PCDFs have been 
found in  th e  blood of some of th e  v ic tim s  (2 3 ) . The presence of
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th ese  compounds h a s  com plicated in te r p r e ta t io n  of th e  to x ic o lo g ic a l 
da ta  o b ta in ed  frcm th ese  in c id e n ts .
1.3 Occurrence of PCBs
PCBs a re  e lim in a te d  only  slow ly frcm anim als in  n a tu ra l  ecosystem s 
(2 4 ) . The l i p o p h i l i c  n a tu re  and m etab o lic  s t a b i l i t y  of th ese  
compounds fav o u rs  t h e i r  accum ulation in  f a t t y  animal t i s s u e s ,  which 
form depo ts fo r  th ese  and o th e r  f a t - s o lu b le  hydrocarbons such as  
o rg an o ch lo rin e  p e s t ic id e s .  As e a r ly  as 196 8 a p a t te rn  o f PCB
accum ulation a t  th e  to p  of n a tu ra l food ch a in s  was em erging, w ith
b ird s  of prey and f i s h - e a t in g  b ird s  accum ulating  th e  h ig h e s t  le v e ls  
o f th ese  p o l lu ta n ts  (2 5 ) . In  1969 sev e ra l sp ec ie s  o f m arine an im als 
in c lu d in g  f i s h ,  m ussels and s e a ls  were observed to  c o n ta in  PCBs in  
t h e i r  t i s s u e s  (2 6 ) .  S ince th en  th e  l i s t  has con tinued  t o  grow, and 
now in c lu d es  zoopiank ton , shrim p, c rab s , sh ark s, w hales, r a p to r s ,  
g u l ls ,  ducks, p o la r  b e a rs , h a re s , foxes and cows ( 6 ) .
Given th e  u b iq u ito u s  n a tu re  of PCBs i t  i s  n o t s u rp r is in g  t h a t  they
have been found in  th e  food of man. Cows e x c re te  PCBs in  t h e i r  m ilk
(27) and consequen tly  m ilk  p ro d u c ts  such as b u t te r  a re  contam inated
(2 8 ) . P a r t i c u la r  concern  h as  a r i s e n  over f i s h  (2 9 ) .  The s i tu a t io n  
was co n sid ered  s u f f i c i e n t ly  s e r io u s  fo r  th e  U nited  S ta te s  Food and 
Drug Adn in i  s t r a t i  on (FDA) in  a 197 9 ru l in g  to  reduce th e  to le ra n c e s  
fo r  PCBs in  m ilk  and d a iry  p ro d u c ts  frcm 2 .5  to  1 .5  ppm ( f a t  b a s i s ) ,  
in  p o u ltry  from 5 to  3 ppm ( f a t  b a s is ) ,  in  eggs from 0 .5  to  0.3 ppm 
and in  f i s h  and s h e l l f i s h  frcm 5 to  2 ppm (3 0 ) . In  a re c e n t survey 
of food p ro d u c ts  in  Canada i t  i s  e s tim a te d  th a t  th e  t o t a l  annual
in tak e  frcm f r u i t ,  ro o t and le a f  v e g e ta b le s , m ilk , eggs and m eat i s  
about 32 meg per person (3 1 ) . The con tam ination  of th e  Japanese 
environm ent w ith  PCBs, and th e  le v e l s  in  food, have been review ed by 
Fuj iwara (3 2 ) .
The occurrence of PCBs in  food p ro d u c ts  has in e v ita b ly  le d  to  t h e i r  
accum ulation in  man. Mes e t  a l .(3 3 )  re p o rte d  t o t a l  PCB le v e l s  o f 0 .9  
ppm (o f w et t i s s u e )  in  Canadian human ad ipose  t i s s u e  samples 
c o lle c te d  in  1972. Various o th e r  o rganoch lo rine  re s id u e s  were a ls o  
p re s e n t, such as DDT, DDE and d ie ld r in .  In  1985 Safe e t  a l .(3 4 )  
measured th e  c o n ce n tra tio n s  o f about 5 9 d i f f e r e n t  PCB congeners in  a 
human m ilk  sample c o lle c te d  in  th e  G reat Lakes re g io n  o f th e  U nited  
S ta te s .J e n s e n  and Sundstrcm (35) id e n t i f ie d  sane 40 d i f f e r e n t  PCB 
congeners in  Swedish human ad ipose t i s s u e  sam ples c o l le c te d  sanetim e 
p r io r  to  1974, w h ile  a to t a l  le v e l  of 1 .1  ppm (o f dry t i s s u e )  has 
re c e n tly  been re p o r te d  f ra n  I t a ly .  Hunan blood and m ilk  have been 
re p o r te d  to  c o n ta in  tra c e  l e v e l s  of PCBs in  c o u n tr ie s  a s  f a r  a p a r t  
a s  Canada (3 6 ) , Norway (3 7 ) , and Japan  (38) w ith ty p ic a l  blood 
le v e l s  being  2-3 ppb of whole blood. S lorach  and Vaz (39) re c e n tly  
re p o rte d  d a ta  f ra n  a UNEP/WHO p i l o t  p ro je c t  which m easured OC 
compounds in  hunan m ilk  frcm 10 d i f f e r e n t  c o u n tr ie s .  PCBs w ere 
d e te c te d  in  m ilk  f r a n  7 c o u n tr ie s , ty p ic a l le v e l s  being  1-2 ppm of 
m ilk  f a t .  In  th e  U nited  Kingdom a s im ila r  p ic tu re  h as emerged (4 0 ) . 
PCBs have a ls o  been d e tec te d  in  samples o f hunan l i v e r  and kidney 
(4 1 ) .
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1.4 T o x ic ity
1 .4 .1  Acute T o x ic ity
The to x ic  e f f e c t s  of th e  PCBs in  an im als and man have been th e  
su b je c t of v a rio u s  review s (10 ,42 ,43  ,5 ) .  The a c u te  symptoms of PCB 
poison ing  in  man were dem onstrated  in  th e  Yusho in c id e n t and ag a in  
in  a s im ila r  ou tb reak  of PCB po iso n in g  th a t  occu rred  in  Taiwan in  
197 9, and Included  sw e llin g  o f th e  upper e y e lid s , Increased  
d isch arg e  frcm th e  eyes, v is u a l  d is tu rb a n c e s , acne, i tc h in g  and a 
dark  p ig n e n ta tio n  of th e  s k in . A f e e l in g  of w eakness, numbness of 
th e  lim bs and headaches a r e  common, and fe v e r ,  jau nd ice  and 
d ia rrh o e a  may a lso  occur (4 4 ,4 5 ) . The a c u te  to x ic i ty  in  la b o ra to ry  
anim als develops over one to  th r e e  weeks (10) and i s  c h a ra c te r is e d  
in  r a t s  by d ia rrh o e a , weicflit l o s s ,  a ta x ia  and weakness (4 6 ) . Other 
e f f e c t s  inc lu d e  in c re ase d  l i v e r  w eigh t and in d u c tio n  of h e p a tic  
microsomal enzyme a c t i v i t y .  There i s  wide v a r ia t io n  between th e  
s u s c e p t ib i l i ty  of d i f f e r e n t  anim al sp e c ie s , mink fo r  example being 
much more s e n s i t iv e  than  r a t s  (4 7 ) .
The o ra l  of th e  AROCLORS v a r ie s  frcm 1 to  10 gKg-1 body w eight
in  r a t s  (4 8 ,4 6 ) . Acute o ra l  to x ic i ty  d ecreases  w ith  In c re a s in g  
c h lo r in e  co n ten t in  r a t s  (4 9 ) , bu t t h i s  i s  n o t th e  case in  q u a il  
(1 0 ) .  The p a t te rn  o f a d m in is tra tio n  ap p ears  to  a f f e c t  to x ic i ty ,  as 
exposure over a p e rio d  o f weeks can be more to x ic  th an  th e  same 
toted, amount of PCB given a s  a s in g le  dose. T his a sp e c t has been 
d iscu ssed  by Nelson e t  a l . ( 5 0 ) .  This o b se rv a tio n  h as im portan t 
im p lic a tio n s  fo r  human h e a lth , s in ce  th e  p a t te rn  o f hunan exposure
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to  PCBs i s  one of low dose, ch ro n ic  in g e s t io n  in  food . R e la tiv e ly  
s h o r t  term animal feed in g  s tu d ie s  may not r e a l i s t i c a l l y  r e f l e c t  such 
c o n d itio n s .
I t  h as  been s ta te d  in  v a r io u s  rev iew s th a t  young an im als ten d  to  be 
more s e n s i t iv e  to  th e  a cu te  e f f e c t s  of PCBs th a n  a d u l ts ,  and fem ales 
more s e n s i t iv e  than  m ales (1 0 ,5 1 ,4 3 ) . In  f a c t  th e  evidence frcm th e  
o r ig in a l  papers quo ted  in  such rev iew s i s  n o t con clu siv e  fo r  PCBs 
(1 ,4 8 ,5 2 ) ,  although ch ro n ic  fe e d in g  s tu d ie s  have in d ic a te d  t h a t  
fem ales a re  more s e n s i t iv e  to  AROCLOR 1260 ( 1 ) .
1 .4 .2  Chronic T o x ic ity
The e f f e c t s  of th e  o ccu p a tio n a l exposure of roan to  PCBs have been 
w e ll s tu d ie d , and in c lu d e  d e a th s  due to  cancer (5 3 ) , l i v e r  enzyme 
in d u c tio n  (5 4 ) , dermal to x ic i ty  (55) and n e u ro to x ic ity  (5 6 ) .  The 
to x ic  e f f e c t s  o f PCBs seen  in  such cases g e n e ra lly  tend  to  be l e s s  
th an  would be expected  on th e  b a s is  of plasm a PCB le v e l s ,  by 
com parison w ith  those  seen  in  th e  Yusho in c id e n t . .  This r a i s e s  th e  
q u e s tio n  a lre ad y  m entioned o f th e  r o le  p layed  by o th e r compounds in  
Yusho (se e  s e c tio n  1 .2 ) .  The Inc id en ce  of ch lo racn e , fo r  example, i s  
much low er amongst o c c u p a tio n a lly  exposed w orkers th a n  amongst Yusho 
v ic tim s  (5 7 ) . Concern h a s  a ls o  been ex p ressed  about p o s s ib le  
re p ro d u c tiv e  e f f e c t s  due to  o ccu p a tio n a l exposure, but co n c lu s iv e  
s tu d ie s  a s s e s s in g  t h i s  in  hunans a re  la c k in g  (5 6 ) .
In  la b o ra to ry  r a t s ,  a m yriad of to x ic  e f f e c t s  have been observed  
a f t e r  ch ro n ic  exposure to  PCBs. L iver to x ic i ty  i s  a m ajor e f f e c t .
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Kimbrough e t  a l .  (1) re p o r te d  in c reased  l i v e r  w eight w ith  
hypertrophy of l i v e r  c e l l s ,  cy top lasm ic in c lu s io n s , and accum ulation 
of p i^n en t and l i p i d  in  r a t s  fed  AROCLORS 1254 and 126 0 fo r  e ig h t 
m onths. AROCLOR 1254 proved to  be th e  more to x ic  o f th e  two m ix tu res  
used. AROCLOR 126 0 was more to x ic  to  fem ales th a n  to  m ales, w hile  
AROCLOR 1254 was n o t .  These e f f e c t s  w ere common a t  a d ie ta ry  PCB 
le v e l  of 100 ppm. Adenof ib ro s is  o ccu rred  a t  500 ppm.
S ch aeffe r e t  a l .  (59) re p o rte d  l i v e r  tu nours  in  r a t s  fe d  CLOEHEN A60 
100 ppm in  th e  d ie t  fo r  700 days. In  th e  same stu d y , CLOE3EN A3 0, a 
l e s s  c h lo r in a te d  PCB m ix tu re , was l e s s  to x ic  which c o n tra s ts  w ith  
th e  study of Kimbrough e t  a l .  a lread y  m entioned in  which th e  l e s s  
c h lo r in a te d  PCB m ix tu re  was more to x ic . The study of S ch aeffer e t  
a l .  a lso  shewed t h a t  a f t e r  800 days th e  PCB-exposed r a t s  experienced  
a lower m o r ta l i ty  r a t e  and a low er inc idence  of n e o p la s tic  le s io n s  
o th e r  than  h e p a to c e llu la r  carcinom a. Young (60) concluded frcm t h i s  
t h a t  in  th e  lo n g  term , exposure to  th e  PCB had a c tu a l ly  been 
b e n e f ic ia l .  How such an e f f e c t  i s  caused by PCBs i s  n o t c le a r .  The 
p ro cesses  Involved  in  th e  p ro d u c tio n  o r su p ress lo n  o f n e o p la s ia  by 
PCBs seem poorly  understood.
Bruckner e t  a l . ( 6 1 )  found t h a t  p o rp h y ria , d e tec te d  a s  an in c re a se  in  
u rin a ry  coproporphyrin  e x c re tio n , was a s e n s i t iv e  in d ic a to r  of 
AROCLOR 1242 exposure. In  an o th er s tudy , exposure of r a t s  to  AROCLOR 
1260 100 ppm in  t h e i r  d ie t  f o r  21 months produced h e p a tic  tumours 
w hereas in  a range of o th e r organs th e  inc idence  of tumours was no 
g re a te r  than  c o n tro ls  (62) . Thus th e  l i v e r  appears to  be th e  main 
t a r g e t  fo r  PCB-induced c a r d  nan a in  th e  r a t .
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AROCLORS a re  a ls o  re p o rte d  to  be to x ic  to  th e  a d re n a ls  o f r a t s ,  
causing  a re d u c tio n  in  ad ren a l w eigh ts and in  c i r c u la t in g  
a d re n o c o r tic a l hormone le v e l s .  These e f f e c t s  were seen  a f t e r  sev e ra l 
months of exposure to  d ie ta ry  co n ce n tra tio n s  a s  low as 1 ppm (6 3 ) . 
R ats a lso  experience  th y ro to x ic i ty  a f te r  PCB exposure. This i s
though t to  be due to  p a th o lo g ic a l e f f e c t s  on th e  th y ro id  gland as
w e ll as to  an in c re a se  in  th e  m etabo lian  of thy rox ine  (64,65) .
R eproductive e f f e c t s  of PCBs have been observed  in  r a t s  by v a rio u s
w orkers (66 ,48 ,67 ) and inc lu d e  red u c tio n s  in  u te r in e  and o v a rian  
p ro te in , decreased  f o e ta l  and pup s u rv iv a l ,  and a hypoandrogenic 
co n d itio n  in  m ales t h a t  le ad s  to  re p ro d u c tiv e  im pairm ent. In c reased  
metabolism  of sex  hormones has been suggested  a s  a p o s s ib le
mechanism fo r  such e f f e c t s  (6 8 ) . However no t a l l  w orkers have 
re p o rte d  f o e to to x ic i ty .  V illeneuve e t  e l . (69) ad m in is te red  AROCLOR 
1254 o ra l ly  to  p regnant W lstar r a t s  in  doses o f up to  100
mgKg^day-1 frcm day 6 to  day 15 of g e s ta t io n . They observed no
d ec lin e  in  average l i t t e r  s iz e  compared to  c o n tro ls .  They d id  
however observe fo e to to x ic  e f f e c t s  in  r a b b i t s  in  th e  same study .
In  c o n tr a s t ,  Spencer (66) fed  AROCLOR 1254 to  Holtzman r a t s  a t
c o n ce n tra tio n s  of up to  900 ppm in  t h e i r  d ie t ,  again  frcm day 6 to  
day 15 of g e s ta t io n . They observed a s ig n i f ic a n t  (p<0.05) decrease  
in  th e  f o e ta l  su rv iv a l r a te  per l i t t e r  a t  b i r th  a t  d ie ta ry
c o n c e n tra tio n s  of 300 ppm and above. According to  t h e i r  f ig u r e s  fo r  
d a lly  food in ta k e , t h i s  d ie ta ry  le v e l i s  e q u iv a le n t to  4.7 
m g /ra t/d ay  which approxim ates to  about 19 mgKg-^day-^ fo r a 250 g
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r a t .  Thus they  observed fo e to to x ic i ty  in  t h e i r  a d u lt  Holtzinan r a t s  
a t  a much lcw er dose th an  V illeneuve  e t  a l .  had used in  t h e i r  
W is ta rs . T e ra to g e n ic ity  due to  PCBs has been re p o r te d  in  mice (7 0 ) .
Im m unotoxicity i s  m an ife sted  in  r a t s  a s  a d e c lin e  in  sp leen  and 
thymus w eig h ts  (71,19) • The w eigh ts of o th e r organs a re  a lso  
a f fe c te d  (7 1 ) , some of which have been m entioned.
G enera lly , th e  to x ic  e f f e c t s  induced by PCBs in  r a t s  a re  seen in  
many o th e r  sp ec ie s  and th e re  i s  g re a t v a r ia t io n  in  s e n s i t iv i ty  
between sp e c ie s . For example, mink a re  m arkedly more s e n s i t iv e  than  
r a t s  (4 7 ) . Hamsters a re  considered  to  be r e l a t i v e ly  r e s i s t a n t  to  th e  
e f f e c t s  o f th e  h a lo gena ted  hydrocarbons in  genera l (72) bu t ham ster 
s tu d ie s  u s in g  PCBs in  p a r t ic u la r  seem uncommon. There appears  to  be 
a tendency fo r  young anim als and fem ales t o  be more s e n s i t iv e  to  
ha lo g en a ted  hydrocarbons in  g en era l, but a s  m entioned in  s e c tio n
1 .4 .1  t h i s  needs c l a r i f i c a t i o n  a s  reg ard s  th e  PCBs. R ats and mink do 
no t tend  to  show dermal to x ic i ty  w ith PCBs, whereas humans, monkeys, 
cows, h a i r l e s s  mice and th e  r a b b i t  e a r  tend  to  shew acne form or 
o th e r sk in  le s io n s  a s  major e f f e c t s .  Chickens develop subcutaneous 
oedema and h y d ro p erica rd lu n , termed "chick oedema d isea se"  (7 3 ), and 
t h i s  d iso rd e r i s  s p e c if ic  to  chickens (7 4 ) . The reaso n s  fo r  these  
s p e c ie s - s p e c i f ic  e f f e c t s  a re  unknown.
In c o n tra s t  th e  n e u ro lo g ic a l, immunological, h e p a tic , rep ro d u c tiv e , 
hormonal and enzyme in d u c tio n  e f f e c t s  of PCBs ten d  to  appear in  a 
wide v a r ie ty  of sp ec ie s  (1 0 ,4 3 ) . Most of th e  ca rc in o g en ic  s tu d ie s  
w ith  PCBs seem to  have been c a r r ie d  out in  r a t s  and m ice. The
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p ic tu r e  now emerging i s  th a t  PCBs ten d  to  be only weak tunour 
i n i t i a t o r s  bu t a r e  more a c t iv e  a s  tunour prom oters (7 5 ,7 6 ) .
1 .5  Environm ental E f fe c ts  o f PCBs and E v a lu a tio n  of th e  Hazards
The w idespread  occu rrence  and th e  to x ic i ty  of th e  PCBs a s  d iscu ssed  
in  s e c t io n s  1.3 and 1.4 suggest t h a t  th ese  compounds may be e x e r tin g  
a c o n s id e ra b le  e f f e c t  on th e  s t a b i l i t y  of n a tu ra l ecosystem s and 
consequen tly  may p re se n t long -term  problems fo r  w i ld l i f e  
c o n se rv a tio n  and hunan h e a l th . In  a review  paper in  197 5 P eakall
(77) t r i e d  to  e v a lu a te  th e  environm ental hazards of PCBs. He 
exp ressed  concern  over th e  re le a s e  of la rg e  amounts of s ta b le ,  
fo re ig n  m a te r ia ls  in to  th e  environm ent but could  reach  no firm  
co n c lu s io n s  a s  to  th e  s e r io u sn e ss  o f th e  problems t h i s  m ight have 
caused .
A ttem pts have re c e n t ly  been made to  a s s e s s  th e  s i tu a t io n  in  s p e c i f ic  
geo g rap h ica l re g io n s  such as  th e  G rea t Lakes ecosystem in  th e  U nited  
S ta te s  and in  th e  B a l t i c ,  M editerranean  and A u s tra lia n  ecosystem s
(78) . These assessm en ts  h ig h l ig h t  some a larm ing  tre n d s , such as 
re p ro d u c tiv e  to x ic i ty  in  pinnepeds (79) which has been proposed a s  
th e  cause of th e  marked d e c lin e  in  th e  common se a l p o p u la tio n  in  th e  
Dutch Wadden Sea (8 0 ) . R ecently  th e  im portance of th e  more to x ic  PCB 
congeners p re s e n t in  commercial PCB m ix tu res  has re c e iv e d  a t t e n t io n ,  
as th e se  have now been d e te c te d  in  environm ental sam ples (2 0 8 ).
In  s p i t e  of such a n a ly se s , th e  t o t a l  long-term  environm ental impact 
of PCBs i s  s t i l l  a m a tte r  of c o n je c tu re . I t  i s  n o t c le a r  what a c t io n
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can u s e fu lly  be taken  o th e r than  m in im ising  th e  use of PCBs and 
ta c k l in g  th e  problem s of t h e i r  s a fe  d isp o sa l and d e s tru c tio n . The 
g en era l o u tlook  h as  been d iscu ssed  by Tanabe ( 8 ) .
Assessment of th e  p u b lic  h e a lth  e f f e c t s  o f PCBs i s  a ls o  d i f f i c u l t .  
M onitoring of fo o d s tu f f s ,  r e s t r i c t i o n  o f th e  use of PCBs and 
m aintenance of normal s tan d a rd s  of in d u s t r ia l  s a fe ty  ensure  th a t  
human exposure c o n s is ts  of th e  in g e s t io n  of only tra c e  amounts in  
th e  d ie t  th roughout l i f e .  The ch ro n ic  e f f e c t s  o f such exposure a re  
unknown. P a r t i c u la r  concern has a r is e n  over th e  appearance of PCBs 
in  human m ilk  because of th e  e f f e c t s  they  may have on b re a s t- fe d  
in f a n ts .
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1.6 T ran sfe r of PCBs frcm Mother to  Young
PCBs have been shewn to  be t r a n s f e r r e d  to  o f f sp r in g  both  in  u te ro
a c ro ss  th e  p lacen ta  and in  m ilk  in  d i f f e r e n t  animal sp ec ie s  such as
mice (8 1 ,8 2 ) , r a t s  (83 ,8 4 ) , rhesus monkeys (65) and man (86,87) w ith
th e  m ilk  ro u te  accoun ting  fo r  a much g re a te r  p ro p o rtio n  o f th e  t o t a l
PCB tr a n s fe r r e d .  Most of th e se  s tu d ie s  invo lved  th e  d i r e c t
measurement of to ta l  PCB in  body f lu id s  o r t i s s u e s .  G allenberg  and
V odlcnik (88) re p o rte d  t h a t  fem ale  mice t r e a te d  w ith  a 
14 1[ C ]- la b e lle d  hexa chi or obi phenyl 50 mgKg- as a s in g le  i . p .  dose 
two weeks b e fo re  m ating  had e lim in a te d  over 98% of th e  dose by day 
20 of l a c t a t io n  and th a t  minimal p la c e n ta l  t r a n s fe r  had o ccu rred .
The k in e tic s  of th e  t r a n s f e r  of PCB frcm mother to  o f f s p r in g  h as
been s tu d ie d  in  r a t s  by Takagl e t  a l .  (89) who ad m in is te red  an o ra l
14t r a c e r  dose of a PCB m ixture uniform ly  la b e l le d  w ith  [ C] • T heir
r e s u l t s  In d ic a te  th e  p a t te rn  of PCB movement. Less th a n  0.28% of th e  
14[ C] dose a c tu a l ly  absorbed by th e  dams during  g e s ta t io n  was found
in  th e  fo e tu s  a t  day 18 of g e s ta t io n .  Suckled pups whose m others had
re c e iv e d  PCB during  g e s ta tio n  and l a c t a t i o n  showed t i s s u e  PCB le v e l s
t h a t  con tinued  to  In c rease  frcm b i r t h  fo r  11 days and th e n  d ec lin ed
slow ly  over th e  fo llo w in g  weeks. The h ig h e s t l e v e l s  in  w eanling
( i . e .  three-w eek o ld ) pups were found in  subcutaneous f a t .  The PCB
le v e l s  in  th e  t i s s u e s  of th e  dams in d ic a te d  th a t  s u b s ta n t ia l  amounts
o f PCB had been removed by l a c t a t i o n  and very l i t t l e  by p la c e n ta l
movement, compared to  v i r g in  c o n tro ls .  Ando (83) in v e s t ig a te d  th e
tr a n s f e r  of a s in g le  i . p .  dose of 2 ,2 ' ,4 ,4 ' ,5 ,5 hexa chi or obi phenyl 
14la b e l le d  w ith  [ C] ad m in is te red  t o  r a t s  a f t e r  m ating . P la c en ta l
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t r a n s fe r  accounted fo r  2.7% of th e  dose, w h ile  39.2% was t r a n s fe r r e d  
in  m ilk  by th e  s ix te e n th  day post par tu n .
In  man, exposure in  u te ro  to  PCBs h as been re p o r te d  to  cause low 
b i r th  w eigh t and sm alle r head circum ference in  th e  case of m others 
whose d ie t  norm ally inc luded  contam inated lak e  f i s h  and who had 
th e re fo re  experienced  a g re a te r  than  usual le v e l  of exposure (9 0 ) . 
P la c e n ta l PCB t r a n s fe r  was a ls o  considered  to  be th e  cause of a 
syndrcroe seen  in  newborn b ab ies  of Yusho v ic tim s , and c h a ra c te r is e d  
by sk in  p lg a e n ta tio n , g in g iv a l h y p e rp la s ia  and abnormal 
c a lc i f i c a t io n  of th e  s k u l l  (9 1 ) . Rogan e t  a l .  (92) concluded th a t  
h y p o to n ic ity  and h y p o re fle x ia  in  neonates were a s s o c ia te d  w ith  high 
PCB le v e l s .  An In c rease  in  PCB blood le v e ls  w ith  d u ra tio n  o f 
b re a s t- fe e d in g  h as been dem onstrated  (9 3 ) .
T o x ic ity  observed in  o f f s p r in g  suck led  by PCB-exposed m others has 
been a t t r ib u te d  to  PCB t r a n s f e r  in  sev e ra l animal s p e c ie s . The 
e f f e c t s  in c lu d e  in d u c tio n  o f h e p a tic  microsomal enzymes in  mice (94) 
and r a t s  (9 5 ) , l i v e r  enlargem ent w ith  m orphological changes in  th e  
l i v e r  in  r a t s  (84) and lmmunocompetence (m easured a s  a re d u c tio n  in  
T c e l l  h e lp e r a c t iv i ty )  in  mice (9 6 ) . Acne, sw e llin g  o f th e  e y e lid s , 
lo s s  o f f a c ia l  h a i r ,  h y p e rp lg a en ta tio n  of th e  sk in  and decreased  
s u rv iv a l of in fa n ts  have been re p o rte d  in  rh esu s  monkeys (8 5 ) . The 
appearance of th e  Yusho syndrcme in  a hunan in fa n t  b re a s t  fed  fo r  
s ev e ra l months has been re p o rte d  ( 5 ) .  The m other had consumed 
PCB-contaminated r ic e  o i l ,  but not u n t i l  a f t e r  d e l iv e ry . However 
th e  case i s  n o t w e ll documented.
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An in te r e s t in g  re c e n t  development i s  th e  in d ic a t io n  th a t  synergism  
may occur amongst th e  congeners p re sen t in  a PCB m ix tu re  w ith  
re s p e c t to  t h e i r  to x ic  e f f e c t s .  This was suggested  by Leece e t  
a l . ( 9 7 )  who observed  th a t  th e  degree of enzyme in d u c tio n  caused by 
two PCBs a d m in is te red  to  r a t s  w ith in  a few days of each o th e r was 
g re a te r  than  th e  sun of th e  e f f e c t s  of e i th e r  congener g iven  a lo n e . 
As human m ilk  i s  c h a ra c te r is e d  by a la rg e  nunber of d i f f e r e n t  PCB 
congeners, th e  im p lic a tio n s  fo r  b re a s t- f e d  b ab ies  could  be 
im p o rtan t.
1 .7  D isp o s itio n  in  Animals
1 .7  .1 E f fe c ts  o f Congener S tru c tu re
V a ria tio n  between PCB congeners in  t h e i r  r a te  of e lim in a tio n  frcm 
v i r g in  r a t s  has been re p o r te d  in  s e v e ra l d i f f e r e n t  sp e c ie s . G rant e t  
a l . ( 9 8 )  in  1971 found t h a t  th e  d i f f e r e n t  components in  AROCLOR 1254 
were no t a l l  e lim in a te d  a t  th e  same r a t e  frcm r a t s .  H utzinger e t  
a l . ( 9 9 )  re p o r te d  t h a t  th e  r a t e  of m etabolism  of PCBs in  t r o u t ,  
p igeons and r a t s  became slow er as  th e  nunber of c h lo r in e  a ta n s  in  
th e  m olecule in c re a se d . Burse e t  a l.(lO O ) fed  AROCLOR 1242 or 
AROCLOR 1016 to  r a t s  a t  a le v e l  of 100 ppm in  t h e i r  d i e t  fo r  s ix  
months and th en  m easured t o t a l  PCBs in  d i f f e r e n t  organs over s e v e ra l 
months, a f t e r  th e  an im als had been re tu rn e d  to  a PCB-free d ie t .  
T h e ir r e s u l t s  show th a t  AROCLOR 1016, which d i f f e r s  frcm AROCLOR 
1242 by c o n ta in in g  few er of th e  more h ig h ly  c h lo r in a te d  PCB 
congeners, was e lim in a te d  more ra p id ly  frcm t i s s u e s  th an  AROCLOR 
1242. PCB congener s t r u c tu r e  h as  been shown to  a f f e c t  r e te n t io n  in
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t i s s u e s  in  v a r io u s  sp e c ie s , w ith  th e  s u b s t i tu t io n  p a t te rn  as  w e ll as 
th e  t o t a l  nunber of ch lo rin e  a ta n s  p re sen t in  th e  m olecule  being  
im portan t (1 0 1 ,1 0 2 ). t t i i s  a sp e c t i s  d iscu ssed  f u r th e r  in  ch ap te r 
e ig h t .
I t  h as  been observed  th a t  th e  PCB congener com position in  b io lo g ic a l 
sam ples, in c lu d in g  hunan ad ipose t i s s u e ,  does n o t c lo se ly  resem ble 
th e  com position  of the  commercial m ix tu res frcm which they 
o r ig in a te d  (3 5 ,3 8 ) . This phenomenon i s  a t t r ib u te d  to  k in e t ic  
d if f e r e n c e s  between congeners. In  g en e ra l, th e  more h ig h ly  
c h lo r in a te d  congeners tend  to  be e lim in a te d  more slow ly frcm animal 
t i s s u e s  th an  th e  l e s s  c h lo r in a te d  PCBs (9 8 ) . Hew ever, th e  p o s i t io n  
of th e  c h lo r in e  atcrns on th e  r in g s  i s  im portan t in  de term in ing  
e l im in a tio n  r a t e  (see  s e c tio n  8 .3 .2 ) .
The r e la t io n s h ip  between congener s t r u c tu r e  and r e te n t io n  in  t i s s u e s  
has im p lic a tio n s  fo r  th e  environm ental to x ic i ty  of PCBs. Park inson  
e t  a l .(1 0 3 )  p rep ared  a m ix tu re  of PCB congeners t h a t  resem bled th e  
PCB com position of a Japanese sample of human b re a s t  m ilk . They 
compared th e  enzyme inducing  e f f e c t s  of th i s  m ix tu re  w ith  those  of a 
commercial m ix tu re , Kanechlor 500, which was a w idely  used p roduct 
in  Japan  and a l ik e ly  source of PCB p o llu t io n  in  t h a t  co u n try . They 
found t h a t  th e  prepared  m ix tu re  was seven tim es more p o te n t th an  
Kanechlor 500 and concluded th a t  t h i s  was due to  th e  h ig h e r 
p ro p o r tio n  o f c e r ta in  p en ta- and hexach io rob ipheny ls  in  th e  p repared  
m ix tu re  compared to  th e  commercial p roduct. Thus s e le c t iv e  
b io c o n c e n tra tio n  of PCBs in  th e  hunan body in c re a se s  th e  to x ic i ty  of 
th e  PCB burden in  b re a s t m ilk .
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1.7  .2 E f fe c ts  of Pregnancy and L a c ta tio n
The k in e t ic s  o f PCBs in  pregnancy and l a c t a t i o n  has been s tu d ie d  by
14V odicnik (104) who a d n in is te re d  a [ C ]- la b e lle d  te tra c h lo ro b ip h e n y l 
150 mgKg-1 i . p .  to  v i r g in ,  15-day pregnant and l a c t a t in g  (1 day 
postpartum ) m ice. Doses were a l l  c a lc u la te d  a s  a fu n c tio n  of 
non-pregnant body w eight. By four days p o s t-d o se  v i r g in  mice had 
e lim in a te d  about 20% of th e  r a d io a c t iv i ty  g iven, pregnant mice 10% 
and l a c t a t i n g  mice 90%. Most of th e  r a d io a c t iv i ty  e lim in a ted  by th e  
l a c t a t i n g  mice could  be accounted fo r  in  th e  suckled  pups, which 
w ere examined a t  th e  same tim e as  t h e i r  m others. The c o n ce n tra tio n s  
of r a d io a c t iv i ty  in  th e  l i v e r  and ad ipose t i s s u e  of p regnant mice 
d id  n o t d e c lin e  over th e  fo u r day p e rio d  fo llo w in g  dosing , w h ile  th e  
le v e l s  in  th e se  t i s s u e s  g e n e ra lly  d ec lin ed  in  v i r g in  and l a c t a t i n g  
m ice.
A s im ila r  p a t te r n  of e lim in a tio n  was observed  by V odicnik and Lech
14(105) who In je c te d  mice w ith  a [ C ]- la b e lle d  hexa chi or obi phenyl 100 
mgKg-^ two weeks b e fo re  m ating . The v i r g in  c o n tro ls  shewed a s teady  
d e c lin e  in  t i s s u e  le v e l s  frcm blood, m uscle, kidney, adipose t i s s u e  
and l i v e r .  P regnant mice shewed a slow er d ec lin e  w ith  h ig h e r l e v e l s  
in  a l l  th ese  t i s s u e s .  Mammary gland le v e l s  hcwever in c re a se d  d u ring  
pregnancy. A marked in c re ase  in  th e  l e v e l s  in  a l l  t i s s u e s  excep t 
m uscle was seen  a t  p a r tu r i t io n  fo llow ed  by a ra p id  d e c lin e  du ring  
l a c t a t i o n .
The plasma ev en ts  a s s o c ia te d  w ith  th ese  changes in  PCB d is t r ib u t io n  
were in v e s t ig a te d  by Spindler-Vcmachka and V odicnik (106) who
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14ad m in is te red  a [ C ] - la b e lle d  hexa chi or obi phenyl to  r a t s  by 
in trav en o u s in je c t io n .  They found t h a t  in  v i r g in  r a t s ,  50% of th e  
t o t a l  dose in  th e  plasma was a s s o c ia te d  w ith  th e  lew d en s ity  
l ip o p r o te in  ( LDL) f r a c t io n .  The h y p e rlip id em ia  which i s  a f e a tu r e  of 
l a t e  pregnancy was c h a ra c te r is e d  by an in c re a se  in  very  lew d e n sity  
l ip o p ro te in s  ( VLDL) and an in c re a se  in  th e  p ro p o rtio n  o f th e  
r a d io a c t iv i ty  a s so c ia te d  w ith  th e  VLDL f r a c t io n ,  compared to  v i r g in  
c o n tro ls .  By m id la c ta tio n  th e  l e v e l s  of VLDL had begun to  decrease  
a g a in  so t h a t  plasma r a d io a c t iv i ty  was more evenly d is t r ib u te d  
amongst th e  d i f f e r e n t  l ip o p r o te in  f r a c t io n s  in  th e  plasm a.
These s tu d ie s  in d ic a te  th a t  th e  profound p h y s io lo g ic a l changes t h a t  
occur d u ring  pregnancy and l a c t a t i o n  a f f e c t  th e  d is p o s i t io n  of PCBs 
in  th e  m ate rn a l body. Consequently PCB e lim in a tio n  slows down d u ring  
pregnancy, thereby  fav o u rin g  PCB accum ulation, and speeds up 
m arkedly during  la c t a t io n ,  compared to  th e  non-pregnan t, 
n o n - la c ta t in g  s t a t e .  Thus th e  f a t e  of a g iven  PCB dose w ith in  th e  
body i s  in flu en c ed  by th e  p h y s io lo g ic a l s t a t e  of th e  anim al and by 
th e  s t r u c tu r e  of th e  congeners p re se n t (se e  s e c tio n  1.7 .1 ) .  The tim e 
t h a t  has e lap se d  s in ce  a d m in is te r in g  a PCB m ix tu re  w i l l  in flu en ce  
th e  congener com position in  t i s s u e s ,  and hence th e  congener 
com position o f PCBs t r a n s f e r r e d  in  m ilk . The tendency fo r th e  
to x ic i ty  of a given PCB dose to  be g re a te r  i f  i t  i s  g iven  over a 
p e rio d  o f tim e r a th e r  th an  a s  a s in g le  dose was m entioned in  s e c t io n  
1 .4 .1 .  These c o n s id e ra tio n s  suggest th a t  th e  tim ing  of PCB 
a d m in is tra tio n , w ith re sp e c t to  th e  d u ra tio n  of dosing , th e  in te rv a l  
between dosing  and t r a n s f e r  in  m ilk , and th e  changing p h y s io lo g ic a l 
s t a t e  of th e  animal may in flu en ce  th e  to x ic i ty  experienced  by the
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o f f s p r in g  of dosed m others.
1 .8  Enzyme In d u c tio n
1 .8 .1  The H epatic  M ixed-Function Oxidase System and Cytochrane P-450
In  re c e n t  y e a rs , a t te n t io n  h as fo cussed  on th e  im portance of h e p a tic  
enzyme system s in  th e  m etabolism  of environm ental chem icals. These 
system s in c re a se  th e  w ater s o lu b i l i ty  of th e i r  s u b s tr a te s  by 
p ro c e sses  such as o x id a tio n  and re d u c tio n  (Phase 1 metabolism ) 
fo llow ed  in  some cases by co n ju g atio n  (Phase 2 m etabolism ) th ereby  
in c re a s in g  e x c re tio n  of th e  s u b s tr a te  in  body f lu id s ,  p a r t i c u la r ly  
u r in e . The m a jo r ity  of th e  mammalian l i v e r  enzymes concerned in  
th e se  p ro cesses  a r e  lo c a te d  in  th e  endoplasm ic re ticu lu m  and can be 
s tu d ie d  in  v i t r o  u sing  I s o la te d  microsomal f r a c t io n s .  A m ajor group 
of th e se  enzymes i s  th e  m ix ed -fu n c tio n  o x id a se s . Based on th e  
hem oprotein  cytochrome P-450, these  ox idases form complex e le c tro n  
t r a n s p o r t  system s which a re  re sp o n s ib le  fo r  a v a r ie ty  of o x id a tiv e  
r e a c t io n s  such as h y d ro x y la tlo n  and 0 - and N- d ea l Icy 1 a t i  on. The 
fu n c tio n in g  o f t h i s  system has been d iscu ssed  by Parke (1 0 7 ).
S tu d ie s  on th e  n a tu re  of th e  l i v e r  enzyme system s have fo cu ssed  on 
cytochrom e P-450, which can be in h ib i te d  by some drugs (such as 
SKF-525A) and induced by o th e rs  (such as p h en o b arb ito n e ). E arly  work 
by Omura and S a to  (108) in  1964 Id e n t i f ie d  a p ig n en t in  l i v e r  
microsomes and in d ic a te d  i t s  hem oprotein  n a tu re . T his pigm ent, 
term ed cytochrome P-450, forms a complex w ith  carbon monoxide (CO). 
This p ro p e rty  forms th e  b a s is  of a method developed by th e  same
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w orkers fo r  q u a n tify in g  th e  l e v e l s  of th e  p ignen t p re se n t in  a 
sam ple, by u t i l i s i n g  th e  in te n s e  ab so rp tio n  band shown in  th e  450 rm 
reg io n  by th e  00 complex of th e  reduced p ig n e n t.
Recent s tu d ie s  have shewn t h a t  th e re  a re  a nunber of d i f f e r e n t  
cytochrom es s im ila r  in  n a tu re  and p ro p e r t ie s  to  th e  p ignen t 
d e sc rib ed  by Cmura and S a to , and th e  nunber seems to  in c re a se  
s te a d i ly  (1 0 9 ,1 1 0 ) . Cytochrome P-450 appears to  e x i s t  as  many 
d i f f e r e n t  isozym es, each d i f f e r in g  in  c e r ta in  c h a r a c te r i s t i c s  such 
a s  e le c tro p h o r e t ic  m o b ili ty , amino a c id  com position , immunological 
p ro p e r t ie s  and in  th e  w avelength of th e  a b so rp tio n  maximun shewn by 
th e  reduced cytochrome P-450 :CO complex. These a re  a l l  r e fe r re d  to  
under th e  c o l le c t iv e  name of "cytochrome P-450". V a ria tio n  between 
anim al sp e c ie s , and between th e  sexes in  th e  same sp e c ie s , in  th e  
n a tu re  of th e  P-450 cytochrom es p re se n t have been re p o rte d  
(1 1 1 ,1 1 2 ). In  1982 Guengerich e t  a l .  (109) announced th e  
p u r i f i c a t io n  o f eicp it d i s t i n c t  form s of cytochrome P-450 frcm r a t  
l i v e r .
1 .8 .2  E f fe c ts  of Enzyme In d u cers
The a b i l i t y  of a wide range of compounds In c lu d in g  drugs,
carc in o g en s, p e s t ic id e s  and s t e r o id  hormones to  In c re ase  ( i . e .  
Induce) th e  a c t i v i t y  of h e p a tic  m icrosomal enzymes h as been review ed 
by Conney (1 1 3 ) . The in d u ce rs  g e n e ra lly  tend  to  be l i p i d  so lu b le  a t  
p h y s io lo g ic a l pH v a lu e s , become lo c a l is e d  in  th e  endoplasm ic 
r e t ic u lu n  of th e  l i v e r  and to  b ind  to  m icrosomal enzymes (1 0 7 ) . A 
m ajor e f f e c t  of enzyme In d u ce rs  i s  to  cause an in c re a se  in  th e
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sy n th e s is  of new enzyme p ro te in  which can be m easured in  i s o la te d  
microsome f r a c t io n s .
Inducers  a r e  c h a ra c te r is e d  by th e  r e l a t i v e  in c re a se s  th ey  cause in  
th e  l e v e l s  of th e  d i f f e r e n t  l i v e r  cytochromes and consequently  by 
th e  s h i f t  in  th e  a b so rp tio n  maximun. A d m in is tra tio n  of 
phenobarbitone (PB) to  an im als causes an in c re a se  in  a b so rp tio n  a t  
450 rxn, r e s u l t in g  in  no s h i f t  in  th e  w avelength of th e  maximum, 
w hile  3 -m ethy lcho lan th rene  (MC) In d u c tio n  causes a s h i f t  in  th e  
maximun to  about 447-448 rm (1 1 4 ) . The e f f e c t s  of th ese  compounds 
have been used to  c la s s i f y  d i f f e r e n t  in d u cers  a s  aPB -typea 
o r aMC-typea depending on th e  w avelength of th e  r e s u l t in g  ab so rp tio n  
maximum. Compounds have a ls o  been id e n t i f i e d  a s  "m ixed-typea 
in d u cers  a s  t h e i r  acta in i  s t r a t i  on to  an im als r e s u l t s  in  an ab so rp tio n
maximun somewhere between 450 and 447 nm.
Ryan e t  a l .  (115) is o la te d  and c h a ra c te r is e d  cytochrcm e P-450
isozymes frcm IB - tre a te d  r a t s  d e s ig n a tin g  them as cytochrom es P-450
and P-450^, and from M C-treated r a t s  d e s ig n a tin g  them as cytochromes
P-450 and P-450 • They a lso  reco rded  th e  a b so rp tio n  maximun of th e  & c
reduced P-450:CO complex of each of th ese  Isozymes, and found them
to  be 452, 450 and 447 nm fo r  isozymes P-450 , P-450. and P-450a d c
re s p e c t iv e ly .  More r e c e n tly , Ryan e t  a l .  (110) added cytochrom es
P - 4 5 0 a n d  P-450 to  th e  l i s t .  The p re se n t s i tu a t io n  a s  summarised d e
by Safe (10) i s  t h a t  IB causes In d u c tio n  o f cytochrcm e P-450 
isozymes a , b and e w h ile  MC induces a , c and d. AROCLOR 1254 
induces a , b, c, d and e which su g g es ts  a m ixed-type of in d u c tio n .
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A sso c ia ted  w ith  cytochrcm e P-450 in d u c tio n  a re  in c re a se s  in  th e  
a c t i v i t i e s  o f th e  v a r io u s  dependent microscxnal enzymes. FB 
a d m in is tra tio n  produces marked in c re a se s  in  th e  a c t i v i t i e s  of 
N-dem ethylase enzymes such as ethylraorphine-N -dem ethylase (116 ), 
am inopyrine-N -dem ethylase  (117) and benzphetam ine-N-dem ethylase 
(153) a s  w e ll as in c re a s in g  th e  a c t i v i ty  of a n i l in e  hydroxylase 
(1 1 9 ) . The a c t i v i t y  of benzo[a]pyrene hydroxylase (a ls o  known as 
a r y l  hydrocarbon hydroxylase  or AHH) i s  a ls o  induced by FB, but to  a 
much le s s e r  e x te n t th a n  by MC (116) . FB in d u c tio n  i s  c h a ra c te r is e d  
by p r o l i f e r a t i o n  of th e  endoplasm ic re ticu lu m  w ith  a consequent 
in c re a se  in  m icrosomal p ro te in  in  th e  l i v e r ,  and an in c re a se  in  
l i v e r  w eigh t (1 1 7 ).
In  c o n tra s t  MC g re a t ly  In c re a se s  th e  a c t i v i t i e s  o f AHH, 
ethoxy re so ru f in -O -d ee th y la se  and to  a l e s s e r  e x te n t a n i l in e  
hy d ro x y lase , w h ile  hav in g  no n o tic e a b le  e f f e c t  on th e  N-dem ethylase 
enzymes (1 2 0 ,1 1 7 ,1 2 1 ). MC in d u c tio n  i s  n o t c h a ra c te r is e d  by
p r o l i f e r a t i o n  o f th e  endoplasm ic re ticu lu m  or by la rg e  In c re a se s  in
microsomal p ro te in  o r l i v e r  w e ig h t, compared to  th e  In c re a se s  in  
th e se  param eters caused by FB (1 1 7 ) .
A lvares e t  a l .  (116) ad m in is te red  AROCLOR 1254 i . p .  to  r a t s  a t  a
dose of 25 mgKg-^day-* fo r s ix  days and p rep ared  l i v e r  microsoroes 
from th e  dosed an im als 24 hours a f t e r  th e  l a s t  dose. They re p o rte d  a 
s ig n i f ic a n t  in c re a se  (p<0.05) in  th e  a c t i v i t i e s  of AHH and
ethylm orphine-N -dem ethylase and in  th e  le v e l  of cytochrcm e P-450. 
The a b so rp tio n  maximum of th e  F*-450:CO complex was s h i f te d  frcm 450 
to  448 nm. In  th e  same stu d y , FB produced s im ila r  changes excep t
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t h a t  th e  e x te n t of in d u c tio n  of AHH was l e s s  th an  th a t  due to  PCB 
and th e  a b so rp tio n  maximun rem ained a t  450 nn. MC a lso  induced AHH 
but f a i l e d  to  induce th e  N -dem ethylase. The in d u c tiv e  e f f e c t s  of 
AROCLOR 1254 were th e re fo re  somewhere between those  of pb and MC, 
and so i t  i s  c l a s s i f i e d  a s  a m ixed-type in d u cer.
1 .8  .3 S in g le  PCB Congeners a s  Enzyme Inducers
Follow ing e a r ly  re p o r ts  o f m ixed-type in d u c tio n  caused by commercial 
PCB m ix tu res such as AROCLOR 1254, G o ld s te in  e t  a l .(1 2 2 )  measured 
th e  e f f e c t s  o f a range of s in g le  PCB congeners on drug m e ta b o lis in g  
enzymes in  r a t  l i v e r .  On th e  b a s is  o f t h e i r  r e s u l t s  they  c la s s i f i e d  
each congener as  e i th e r  a pure MC- or a pure  IB -type in d u ce r. The 
form er group w ere found to  c o n s is t  of those  congeners which lack ed  
c h lo r in e  atcm s in  any of th e  o r th o  (2 and 6) p o s i t io n s  r e l a t i v e  to  
th e  pheny1-phenyl b rid g e , i . e .  congeners in  which th e  s u b s t i tu t io n  
p a t te r n  fav o u rs  c o p la n a r ity  of th e  two phenyl r in g s  in  th e  
m olecu le . The PB-type in d u ce rs  w ere those  congeners p o sse ss in g  one 
or more o r th o  c h lo rin e  atcm s, th e  presence of which reduces 
c o p la n a r ity  of th e  r in g s  due to  s t e r i c  I n te r a c t io n s .  However, 
exam ination of t h e i r  d a ta  re v e a ls  t h a t  in  f a c t  some of th e i r  
congeners behaved more l i k e  m ixed-type in d u c e rs . M ixed-type 
in d u c tio n  was subsequently  re p o rte d  in  seme o rth o  s u b s t i tu te d  
congeners by Parkinson e t  a l . ( 1 2 3 ,1 2 4 ).
The use of enzyme a c t i v i t y  a ssay s  to  In d ic a te  th e  in d u c tio n  
p ro p e r t ie s  of a compound was used by Yoshlmura e t  a l . ( 1 2 0 ) .  They 
ad m in is te red  inducing  doses of PB or MC or one of a s e le c t io n  of
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p u r i f ie d  PCB congeners to  r a t s  on two co n secu tiv e  days and p repared
l i v e r  microsomes 2 4 hours a f t e r  th e  l a s t  dose. MC caused a
s ig n i f ic a n t  (p<0.05) in c rease  in  th e  a c t i v i ty  of a n i l in e  hydroxylase
and in  th e  c o n ce n tra tio n  of cytochrcme P-450, but d id  n o t in c rease
th e  a c t i v i t y  of am inopyrine-N -dem ethylase or NADPH-cy to  chrome c
re d u c ta se  or th e  le v e l  of cytochrcme b . EB on th e  o th er hand5
in c re a se d  a l l  th ese  param eters as  d id  a com bination of MC and PB 
given to g e th e r .  Each of th e  cop lanar PC congeners used showed an 
in d u c tio n  p a t te r n  s im ila r  to  MC, w hile  th e  rem ain ing  congeners 
shewed a p a t te r n  s im ila r  to  PB or IB w ith  MC. They were th e re fo re  
a b le  to  r e l i a b ly  Id e n tify  th e  MC-type in d ucers  w ith  t h i s  com bination 
of m easurem ents. The Inducing c h a r a c te r i s t i c s  of th e  cop lanar PCBs 
have been confirm ed by o th er w orkers (121 ,122).
1 .8 .4  R e la tio n sh ip  between Enzyme In d u c tio n  and T o x ic ity
S u b s ta n tia l  p ro g ress  has  been made towards e x p la in in g  th e  b io lo g ic a l 
mode of a c tio n  of PCBs and in  d e f in in g  t h e i r  s t r u c tu r e - a c t iv i ty  
r e la t io n s h ip s .  These a re  review ed by Safe e t  a l . ( 7 0 ) .  The PCBs a re  
though t to  e x e r t  t h e i r  to x ic  and in d u c tiv e  e f f e c t s  by b ind ing  to  a 
c y to s o l ic  re c e p to r , knewn as  th e  Ah ( 'A rom atic  hydrocarbon”) 
re c e p to r .  The re c e p to r  b ind ing  a f f i n i t y  i s  though t to  in c re a se  w ith  
th e  degree of c o p la n a rlty  of th e  PCB m olecule (see  s e c tio n  1 .8 .3 ) .  A 
c o r r e la t io n  has been e s ta b lis h e d  between th e  re c e p to r  b ind ing  
a f f i n i t i e s  o f d i f f e r e n t  PCB congeners and th e i r  c ap a c ity  to  induce 
AHH. These e f f e c t s  have been broadly  c o r re la te d  w ith  to x ic  po tency . 
The co p lan ar PCBs ( i . e .  th e  MC-type in d u cers) such as
3 ,3 ' ,4 ,4 ' ,5 ,5 ’-hexa chi or obi phenyl a re  more a c t iv e  b io lo g ic a l ly  than
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th e  m ono-ortho s u b s t i tu te d  congeners, which in  tu rn  a re  g e n e ra lly  
reg a rd ed  a s  more a c t iv e  th an  th e  d i-o r th o  s u b s t i tu te d  congeners. 
T h is  i s  d iscu ssed  f u r th e r  in  ch ap te r e ig h t .
These o b se rv a tio n s  have le d  to  th e  theory  th a t  h e p a tic  enzyme 
in d u c tio n  and re c e p to r  b ind ing  s tu d ie s  can be used to  p re d ic t  th e  
to x ic  potency of a given PCB congener (1 0 ) . In  o th e r  words, 
measurem ents of enzyme in d u c tio n  can perhaps be used a s  to x ic i ty  
in d ic a to r s .  C onsidering  th e  h igh  c o s ts  invo lved  in  f u l l - s c a l e  
ro u tin e  to x ic i ty  t e s t in g  and th e  f a c t  th a t  th e re  a re  209 p o s s ib le  
PCB congeners, i t  would be u se fu l to  develop  ra p id , cheap and 
r e l i a b l e  methods o f comparing and broadly  c la s s i f y in g  each one 
acco rd in g  to  expected  po tency . This need h as been emphasized by Safe 
(1 0 ) . To be p r a c t ic a l  such methods shou ld  re q u ire  minimal 
q u a n t i t i e s  of th e  pure congeners, since  th e se  a re  not re a d i ly  
o b ta in ed  com m ercially and must o f te n  be sy n th es iz ed  in -h o u se . Those 
t h a t  a re  a v a ila b le  com m ercially a re  g en e ra lly  very expensive.
1 .9  O b jec tiv es  of t h i s  Study
The prim ary a rea  of in t e r e s t  in  t h i s  study i s  th e  t r a n s fe r  of PCB 
to x ic i ty  in  hunan b re a s t  m ilk . The p reced ing  d is c u ss io n  h as 
h ig h lig h te d  concern fo r  th e  h e a lth  of b re a s t- f e d  in fa n ts  who, 
accord ing  to  th e  a v a i la b le  in fo rm atio n , a re  new consuming PCBs 
through th e i r  m others ' m ilk . The mass of to x ic i ty  data  on PCBs 
encourages t h i s  concern. Many d i f f e r e n t  PCB congeners occur in  m ilk  
and show d if f e r in g  to x ic  p o te n c ie s . A ssessing  th e  t o t a l  to x ic i ty  
burden due to  PCBs in  m ilk  i s  th e re fo re  com plicated . Sane im portan t
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q u e s tio n s  need answ ering : At w hat p o in t does PCB-induced to x ic i ty  in  
th e  in f a n t  become u n accep tab le , and when should  b re a s t- fe e d in g  be 
avo ided? To answer th e se  q u e s tio n s , in fo rm atio n  i s  needed n o t only 
about th e  l e v e l s  and id e n t i ty  of th e  congeners p re se n t in  a given 
m ilk  sam ple, but a ls o  about t h e i r  r e l a t i v e  to x ic i ty .  This study is  
concerned w ith  th e  assessm ent of th e  r e l a t i v e  to x ic i ty  of d i f f e r e n t  
congeners.
D iffe re n c es  between PCB congeners w ith  re sp e c t to  t h e i r  t r a n s f e r  in  
m ilk  have been d iscu ssed  in  s e c t io n  1 .7 .1 .  The to x ic i ty  experienced  
by a b re a s t- f e d  in fa n t ,  due to  a g iven  congener in g e s te d  by i t s  
m other, must be in f lu e n c e d  by th e  pharm acokinetic  a s  w e ll as th e  
pharmacodynamic c h a r a c te r i s t i c s  o f th a t  congener. This su g g es ts  t h a t  
com parative to x ic i ty  t e s t in g  u s in g  d i f f e r e n t  congeners must invo lve  
m ilk  t r a n s f e r  i f  th e  r e s u l t s  a re  to  be used to  r e l a t e  m aternal 
d ie ta ry  In take to  PCB-induced e f f e c t s  in  b re a s t- f e d  in f a n ts .
The o b je c t iv e s  adopted w ere th e re fo re  a s  fo llo w s :
1 . TO in v e s t ig a te  th e  im portance of th e  tim ing  of m aternal PCB 
exposure when m easuring th e  e f f e c t s  of PCBs t r a n s f e r r e d  by 
la c ta t io n  ( s e c t io n  1 .7 ) ;
2 . Using th e  r e s u l t s  o f 1 . above, to  develop  a r e l a t iv e ly  ra p id  
method (based on enzyme in d u c tio n ) o f comparing th e  to x ic  
p o te n c ie s  of d i f f e r e n t  PCB congeners t r a n s f e r r e d  t o  r a t  pups 
by la c ta t io n  ( s e c t io n  1 .8 ) ;
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3 . To th e n  dem onstrate th e  use o£ th i s  method by comparing th e  
e f f e c t s  of s e le c te d  PCB congeners;
4 . To in v e s t ig a te  th e  p o s s ib i l i ty  th a t  s y n e r g is t ic  e f f e c t s  may 
occur between PCB congeners ( s e c t io n  1 .6 ) ;
5 . To a s s e s s  th e  e x te n t to  which th e  com parison of th e  to x ic  
p o te n c ie s  of d i f f e r e n t  congeners o b ta in e d  in  3 . above ag rees  




2 .1  M a te r ia ls
A cety lacetone , 4-aminophenol h y d ro ch lo rid e , am inopyrine, a n i l in e ,  
CHAPS ( 3 - ( ( 3 -cho lam idopropy l)d im ethy lam m onio)-l-p ropanesu lfonate), 
D -glucose 6 - phosphate (monosodiixn s a l t ) ,  g lucose-6-phosphate  
dehydrogenase (ty p e  X I), and NADP (monosodiun s a l t )  were o b ta in ed  
from Signa Chemical Company, Poole, D orset.
AROCLOR 1254 was k ind ly  su p p lied  by Dr. M. Cooke, Department of 
In o rg an ic  C hem istry, U n iv e rs ity  o f  B r i s to l ,  B r is to l .
Carbon monoxide gas and form aldehyde s o lu t io n  (37-41%) were o b ta ined  
frcm BIB Chemicals L td . ,  Poole, D orset.
O live o i l  (BP grade) was b o t t le d  by Crosse & B lackw ell, Croydon, 
S urrey .
The r e a c ta n ts  used in  th e  sy n th eses  of th e  PCB congeners were 
o b ta in ed  frcm A ldrich  Chemical Co. L td . ,  G illingham , D orset.
S o lven ts  used were HPLC grade and su p p lie d  by F isons p ic , 
Loughborough, L e ic s .
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L aboratory  r e a g e n t s  used  w ere  a n a l y t i c a l  grad e .
2 .2 S y n t h e s i s  and P u r i f i c a t i o n  o f  PCB Congeners  
2 .2 .1 General P rocedure
S y n t h e t i c  M ethod. The PCB c o n g en er s  w ere  s y n t h e s i z e d  by th e  Cadogan 
C oupling  o f  a c h l o r i n a t e d  a n i l i n e  in  e x c e s s  o f  a c h l o r i n a t e d  benzene  
(1 2 5 )  a s  shown i n  f i g u r e  2 . 1 .
F1 gure 2 . 1 . G eneral r e a c t i o n  used i n  t h e  s y n t h e s i s  o f  





Depending on t h e  r e a c t a n t s  used , one or more PCB c o n g en er s  a r e  
o b ta in e d ,  to g e th e r  w i t h  nunerous b y -p r o d u c ts  which  v a ry  in  c o lo u r  
frcm p a le  y e l l c w  t o  a dark brcw ny-red . To s y n t h e s i z e  PCBs 9 7 ,  1 1 8 ,  
156 , 157 , 169 and 189 i t  was n e c e s s a r y  t o  ca r ry  out fo u r  d i f f e r e n t  
r e a c t i o n s  which  are  d e t a i l e d  i n  T a b le  2 . 1 .
For each r e a c t i o n ,  th e  c h l o r i n a t e d  a n i l i n e  and t h e  c h l o r i n a t e d  
benzene w ere w e igh ed  and p la c e d  i n  a t h r e e -n e c k e d  1 0 0 ml 
round-bottom ed f l a s k .  A m e r c u r y - in - g l a s s  thermometer was p la c e d  i n
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T a b le  2 . 1 . R e a c t a n t s  u s e d  a n d  c o n g e n e r s  o b t a i n e d  i n  PCB s y n t h e s e s .
R eactants PCB Products *
2 ,4 ,5 -tr ic h lo r o a n ilin e  
25nsncl=4.91g
1 , 2 -d ich lorobenzene  
250mmol=36.75g
iso -p e n ty l n i t r i t e  
40nuiol=5. 6 ml
2,3' ,4,4',5-Pentachlarobiphenyl 2,2* ,3',4,5-Pentachlorobipherxyl
PCB 118 PCB 97
3 ,4 -d ic h lo r o a n ilin e
12nmol=1.94g CJ— ^-5'
M  r1 ,2 ,3 ,4 -tetrach lorobenzene
130ninol=28.01g c'
2,3,3' ,4,4' ,5-Haxachlorobiphanyli s o  pentyl, n i t r i t e  poj ^ 5 5
2 0 nmol=2 . 8 ml
3 ,4 ,5 -tr ic h lo r o a n ilin e  
30mnol=5. 89g
1 , 2 , 3 -tr ich lorob en zen e  
400nmol=72. 58g
iso -p e n ty l n i t r i t e  
40mmol=5. 6ml
Cl Cl Cl






3 ,4 ,5 - tr ic h lo r o a n ilin e  
25mmol=4.91g
1 ,2 ,3 ,4 -tetrach lorobenzene  
266mmol=57. 37g
iso -p e n ty l n i t r i t e  
40ramol=5. 6ml
2,3,3' ,4,4', 5,5'-Heptachlarotoiphenyl 
PCB 189
* PCB i d e n t i t y  n u m b e rs  a c c o r d i n g  t o  B a l l s c h m i t e r  a n d  Z e l l  ( 1 1 )
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one of th e  s id e  necks and a w a ter condenser in  th e  c e n tr a l  neck. The 
t h i r d  neck  was s toppered  and used  fo r  th e  a d d it io n  of th e  is o -p e n ty l  
n i t r i t e .  The f la s k  was h e a te d  in  a th e rm o s ta t ic a l ly  c o n tro lle d  o i l  
bath  to  m a in ta in  th e  c o n ten ts  a t  a tem p era tu re  of 120-130°C, w ith  
s t i r r i n g .  T his r e s u l te d  in  a l i q u id  m ix tu re  of r e a c ta n ts  t o  which 
th e  is o -p e n ty l  n i t r i t e  was added dropwise over a p e rio d  of one hour. 
Follow ing t h i s  th e  r e a c t io n  m ix tu re  was h e ld  r e f lu x ln g  a t  120-130°C 
fo r  about a fu r th e r  20 ho u rs . The f l a s k  was th e n  allow ed to  cool 
y ie ld in g ,  in  th e  case of a l l  fou r r e a c t io n s  c a r r ie d  o u t, a s o l id  
dark  red-brcw n mass which was su b je c te d  to  one of th e  c lean -u p  
p rocedures d esc rib ed  below. Each PCB congener c lean -u p  i s  d esc rib ed  
in  th e  o rd e r in  which i t  was c a r r ie d  o u t to  in d ic a te  hew the  
p rocedu res were developed.
Clean-up P rocedu res. In  every  case vacuum d i s t i l l a t i o n  was used to  
remove excess chlorobenzene a s  th e  f i r s t  s tag e  of th e  c lean -u p
procedure  fo llow ed by l iq u id  colunn chrom atography. TLC was th e n
used to  s e le c t  s u i ta b le  system s fo r  th e  p u r i f i c a t io n  of th e  PCB
re a c tio n  p ro d u c ts  by p re p a ra t iv e  s c a le  HPLC. The sp o ts  on th e  TLC 
p la te s  w ere v is u a l is e d  by view ing under UV l i g h t  (254 nn) .
I d e n t i ty  and P u r ity  T e s ts . The id e n t i ty  of each of th e  PCB
congeners was confirm ed by p ro ton  n u c lea r  m agnetic  resonance 
spec trom etry , 70 eV mass spec trom etry  and com parison of m eltin g  
p o in ts  w ith  p u b lish ed  v a lu e s  where a v a i la b le .  These tech n iq u es , 
along w ith  c a p i l la r y  gas chrom atography, a lso  allow ed assessm ent of 
p u r i ty .
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2 .2 .2 I n s t r u m e n t a t i o n
For a l l  th e  PCB congeners made th e  HILC c lean -u p  was ach ieved  u s in g  
a Z ORB AX ODS 250 x 21.2 mm column, w ith a s o l id  phase p a r t i c l e  
s iz e  of 5-6 j rn  (Du Pont (UK) L td . , S te v e n a g e ,H e rts .) .  A 2 .0  ml 
in je c t io n  lo o p  was used. The pump was p a r t  of a Du Pont 830 
p re p a ra t iv e  HILC u n i t  l in k e d  to  a Du Pont UV d e te c to r  s e t  a t  2.56 
AUES, w ith  a p re p a ra t iv e  s c a le  flow  c e l l .  The u n i t  was f i t t e d  w ith  
an oven to  allow  c o n tro l of th e  column tem p e ra tu re . The optimum 
m obile phase, flow r a te  and oven tem p era tu re  were s e le c te d  fo r  each 
PCB. The d e te c to r  was s e t  a t  254 im except fo r  th e  PCB 157/169 
s e p a ra tio n .
The p ro ton  NMR s p e c tra  w ere reco rd ed  u sin g  a JEQL GX 270 FT-NMR. The
PCB samples were d is so lv e d  in  CDCl  ^ w ith TMS as  in te r n a l  re fe ren ce
os tan d a rd . The sp e c tra  w ere reco rd ed  a t  20 C using  64 scans w ith  a 
r e s o lu t io n  of 0.2 Hz.
The 70 eV mass sp e c tra  w ere reco rd ed  u s in g  a VG 707E double 
fo cu ss in g , extended gecmetry instrum ent w ith  a PDP 8 A based 
o p e ra tin g  system . The io n is a t io n  mode used was e le c tro n  Impact ( E l) .
The c a p i l la r y  GC was c a r r ie d  o u t under th e  fo llo w in g  c o n d itio n s : 
In s tru m en t: Perkin-E lm er Sigraa 3 gas chrom atograph.
Column: 39m, 0.25mm id , fused  s i l i c a ,  po lym ethy lsiloxane (OV-1)
0.2)un f ilm  (A llte c h  England, C arn fo rth , L a n c s .) .
C arrie r gas: Hydrogen a t  17 p s i .
Oven programme: 100°C f o r  one m inu te , then  4°C min-^ to  250°C. Hold.
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D e tec to r: Flame io n is a t io n .
In j . /D e t .  temp. : 27 5° C .
In je c t io n  mode: 2 to  4 jal in  hep tane /hexane  s o lu t io n , s p l i t  (lew
r a t i o ) .  Heptane was used f o r  s o lu tio n s  o f PCBs 156, 
157 & 169 and hexane fo r  PCBs 189,118 & 97.
2 .2 .3  P u r i f ic a t io n  of PCB 156
PCB 156 was sy n th es ized  a s  in d ic a te d  in  s e c tio n  2 .2 .1 .
Vacuum D i s t i l l a t i o n . The f i r s t  s tag e  in  th e  c lean -u p  p rocedure  was 
th e  removal of excess chlorobenzene by vacuum d i s t i l l a t i o n .
L iqu id  Column Chromatography. TLC was used to  in v e s t ig a te  th e
movement of th e  r e a c t io n  p ro d u c ts  over s i l i c a .  A system u sin g  a
s i l i c a  p la te  ( S i l i c a  G F „ . ,  Merck, BEE Chemicals L td . ,  Poole,
254
D orset) w ith hexane a s  th e  m obile phase in d ic a te d  t h a t  th e  PCB was 
th e  most m obile component w ith  th e  m o b ility  of th e  components
d ecreasin g  a s  t h e i r  co lou r darkened. The s e p a ra tio n  o f th e  PCB frcm 
th e  m a jo rity  of th e  co lou red  by -p ro d u cts  was th e n  ach ieved  u s in g  a 
g la ss  colunn (52 x 300mm) wet packed in  hexane to  a depth of about 
250mm w ith  s i l i c a  gel (K ie se lg e l 6 0 , p a r t i c l e  s iz e  0 .063-0.200 mm, 
Merck) through which th e  r e a c t io n  p ro d u c ts , d is so lv e d  in  hexane, 
were passed u s in g  hexane a s  e lu a n t .  The f i r s t  f r a c t io n  was 
c o lle c te d  u n t i l  j u s t  b e fo re  th e  f i r s t  co loured  (p a le  yellow ) 
p lg n en ts  e lu te d . Four f u r th e r  f r a c t io n s  were c o lle c te d , t h e i r  co lour 
becoming g rad u a lly  d a rker w ith  su cc e ss iv e  f r a c t io n s .  The hexane was 
removed frcm each f r a c t io n  u sing  a ro ta ry  ev ap o ra to r . The
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e a r l i e r  f r a c t i o n s  s m e l le d  s l i g h t l y  o f  c h lo r o b e n z e n e ,  i n d i c a t i n g  
f u r t h e r  p u r i f i c a t i o n  was n e c e s s a r y .
R e v ersed -P h a se  HPTLC. I t  h a s  been shewn t h a t  PCBs can  be s e p a r a te d  
by r e v e r s e d - p h a s e  TLC u s in g  p a r a f f i n  o i l  co a te d  k ie s e l g u h r  p l a t e s  
and an  a c e t o n i t r i l e / m e t h a n o l / w a t e r  m o b i le  phase ( 1 2 6 ) ,  i n d i c a t i n g  
t h e  s u i t a b i l i t y  of r e v e r s e d -p h a s e  s y s te m s  f o r  s e p a r a t in g  PCBs. I t  was  
t h e r e f o r e  d e c id e d  t o  a ttem p t p u r i f i c a t i o n  o f  PCB 156 by p r e p a r a t iv e  
s c a l e  r e v e r s e d - p h a s e  HHjC.A s u i t a b l e  m o b i l e  phase was determ in ed  by 
TLC u s in g  RP-HPTLC p l a t e s  (R P -18, ^2 5 4 ' MercM t o  compare th e  
movement o f  v a r io u s  s o l u t e s  i n c l u d i n g  1 ,2  ,3 , 4 - t e t r  a ch lo r o b e n z e n e ,
3 , 4 - d i c h l o r o a n i l i n e  and t h e  d i f f e r e n t  f r a c t i o n s  e l u t e d  fr a n  th e  
column.The r e s u l t s  o f  th e  RP-HPTLC a r e  shewn i n  F ig u re  2 . 2 .
F igu re  2 .2 . S e p a r a t io n  o f  components f r a n  th e  s y n t h e s i s  o f  PCB 156 
by RP-HPTLC u s in g  100% a c e t o n i t r i l e  a s  m o b i le  p hase .
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I t  was concluded th a t  a m obile  phase c o n s is t in g  of 100% a c e to n i t r i l e  
was capab le  of se p a ra tin g  PCB 156 frcm any re s id u a l c h lo ro a n ll in e  or 
ch lorobenzene. 1LC In d ic a te d  a ls o  t h a t  probably  only th e  f i r s t  and 
second colunn f r a c t io n s  co n ta in ed  s ig n i f ic a n t  amounts o f PCB 156. 
Col linn e lu a te  should  th e re fo re  be c o l le c te d  u n t i l  about 100ml a f t e r  
th e  f i r s t  appearance of c o lo u r . C o lle c tio n  beyond t h i s  p o in t 
in c re a se s  th e  amount of co lo u red  im p u r i t ie s  w ith o u t s ig n i f ic a n t ly  
in c re a s in g  PCB recovery .
P re p a ra tiv e  HILC. Follow ing th e  r e s u l t s  o f th e  TLC s tu d ie s ,  
p re p a ra t iv e  rev ersed -p h ase  HILC was used to  i s o l a t e  PCB 156 frcm th e  
v a rio u s  components in  th e  f i r s t  and second f r a c t io n s  o b ta in ed  frcm 
th e  s i l ic a /h e x a n e  colunn c lea n -u p . R esidues frcm th ese  two f r a c t io n s  
were d is so lv e d  in  a mlnlmun amount of a c e to n i t r i l e  and su b je c te d  to  
p re p a ra t iv e  HILC se p a ra tio n  u sin g  re p e a te d  in je c t io n s .  The m obile 
phase used was 100% a c e t o n i t r i l e  a t  a flew  r a te  of 14 mlmin-^ and 
an oven tem p era tu re  of 35°C. The HILC equipment used i s  d e ta i le d  in  
s e c tio n  2 .2 .1 .  The colunn and in je c t io n  p o r t  were m ain ta in ed  a t  
35°C to  in c re a se  th e  s o lu b i l i t y  of th e  re s id u e  in  th e  m obile  
phase, as w e ll as to  sharpen  th e  peak shapes and speed up e lu t io n .  
The RP-HPTLC r e s u l t s  w ere used to  id e n t i f y  th e  peaks. The PCB 156 
f r a c t io n  was c o lle c te d  in  a round-bottom ed f l a s k  and th e  
a c e to n i t r i l e  was removed by ro ta ry  ev ap o ra tio n . A ty p ic a l
chromatogram i s  shewn in  F ig u re  2 .3 .
Fi nal Pur i f  ica t  i  on. The PCB re s id u e  o b ta in ed  frcm th e  HFLC 
clean-up  was r e c r y s t a l l i s e d  frcm 95% aqueous e th a n o l. As th e  
c ry s ta ls  o b ta in ed  seemed to  have a very  s l i g h t  orange t in g e , they
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were d i s s o l v e d  i n  hexane and p a s s e d  through  a SEP-PAK s i l i c a  
c a r t r i d g e  (W aters  A s s o c i a t e s  I n c . ,  N orthw ich , C h e s h ir e ) .  T h is  
r e t a i n e d  t h e  p ig m en t.  The s o l v e n t  was th e n  e v a p o r a te d  and t h e  
r e s id u e  d r ie d  i n  a vacuum oven  a t  78°C fo r  fo u r  h o u r s ,  y i e l d i n g  a 
w h ite  c r y s t a l l i n e  powder.
F ig u r e  2 .3 . Chranatogram o b ta in e d  d u r in g  t h e  c le a n -u p  o f  
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2 .2 .4 P u r i f ic a t io n  of PCBs 157 and 16 9
PCBs 157 and 169 were sy n th es iz ed  a s  in d ic a te d  in  s e c t io n  2 .2 .1 .
As w e ll as removal of im p u r it ie s  frcrn th e  PCBs, i t  was a lso  
n ecessa ry  to  se p a ra te  th e  two PCBs form ed in  t h i s  r e a c t io n .  As in  
th e  case of PCB 156 (2 .2 .3 )  th e  f i r s t  s tag e  in  th e  c lean -u p  was th e  
removal of excess chlorobenzene from th e  crude re a c t io n  p ro ducts  by 
vacuum d i s t i l l a t i o n  fo llow ed  by th e  removal of roost of th e  co loured  
im p u r i t ie s  by s i l ic a /h e x a n e  colunn chrom atography, c o l le c t in g  e lu a te  
from th e  column u n t i l  about 100ml a f t e r  th e  appearance of yellow  
c o lo u r .
In v e s t ig a t io n s  using  R eversed-Phase HPTLC. To ach iev e  s e p a ra tio n  of 
PCBs 157 and 16 9, th e  s u i t a b i l i t y  of th e  same HPLC c o n d itio n s  as  
were used to  p u rify  PCB 156 was in v e s t ig a te d  u s in g  rev ersed -p h ase  
HPTLC. The movement of th e  PCB re s id u e  o b ta in ed  from th e  
s i l ic a /h e x a n e  column e lu a te  was examined on rev e rsed -p h ase  HPTLC 
p la te s  u sing  100% a c e to n i t r i l e  a s  m obile  phase. This in d ic a te d  th a t  
th e  system could n o t a ch iev e  ad eq u a te  s e p a ra tio n  of th e  two PCBs 
a lthough removal of tr ic h lo ro b e n z e n e  and seme of th e  co loured  
im p u r itie s  was p o s s ib le . T h is r e s u l t  was n o t s u rp r is in g  as  th e  two 
PCB m olecules a re  very  s im ila r  in  s t r u c tu r e ,  v a ry in g  on ly  perhaps in  
d ip o le  moment and m o lecu lar shape. However, to  f a c i l i t a t e  th e  study 
of th i s  problem th e  PCB re s id u e  was su b je c te d  t o  th e  HfLC c lean -u p  
used fo r  PCB 156, and t h i s  removed th e  chlorobenzene ( t r a c e s  of 
which remained a f t e r  th e  vacuum d i s t i l l a t i o n  s te p )  and some co loured  
p lg n e n ts . A ty p ic a l chromatogram i s  shewn in  F igure  2 .4 .
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F ig u re  2 . 4 . Ch ran a t o  gram o b ta in e d  d u r in g  t h e  p r e l im in a r y  c le a n -u p  
o f  PCBs 157 and 16 9 by p r e p a r a t iv e  HELC.
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HILC/RP-HPTLC S t u d i e s . HHiC i n v e s t i g a t i o n s  w ere  c a r r i e d  o u t  u s in g  
a H y p e r s i l  p henyl column o f  2 5cm x 5mm id  and 5jm p a r t i c l e  s i z e  
( Shandon S ou th ern , Runcorn, C h esh ire )  w ith  m o b i le  p h a ses  based  on  
a c e t o n i t r i l e  and l a t e r  t r y in g  m o b i le  p h a se s  based  on te tr a h y d r o fu r a n  
(THF) . THF was i n v e s t i g a t e d  b eca u se  i n  a d d i t i o n  t o  h a v in g  a marked 
d ip o l e  manent l i k e  a c e t o n i t r i l e ,  i t  i s  a l s o  a c y c l i c  m o le c u le  and 
may thus be a b le  t o  e x p l o i t  d i f f e r e n c e s  i n  t h e  m o le c u la r  shape of  
th e  two PCBs t o  a c h ie v e  s e p a r a t io n .  S e p a r a t io n  was i n  f a c t  a c h ie v e d  
w ith  55% v / v  THF i n  w a te r .  F o l lc w in g  t h i s ,  RP-HFTLC was used t o  
a s s e s s  t h e  s u i t a b i l i t y  of THF-based m o b i le  p h a se s  f o r  use on a C.^
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s t a t i o n a r y  phase r a t h e r  th an  on t h e  p heny l s t a t i o n a r y  phase (b e c a u s e  
th e  o n ly  p r e p a r a t iv e  HILC co lu n n  a v a i l a b l e  t o  hand was t h e  CX o
co lu n n  u sed  f o r  PCB 1 5 6 ) .  M obile  p h a ses  o f  both  70% v / v  THF i n  w a ter  
and 80% v / v  THF i n  w a ter  a c h ie v e d  good s e p a r a t io n  o f  PCBs 157 and 
16 9 on HP-HPTLC p l a t e s .  The r e s u l t s  o f  th e  RP-HPTLC a r e  shewn i n  
F ig u r e  2 .5 .
F ig u re  2 .5 . S e p a r a t io n  o f  PCBs 157 and 16 9 by RP-HPTLC u s in g  
75% v / v  THF i n  w a ter  a s  t h e  m o b i le  p h a se .
s o l v e n t
f r o n t





P r e p a r a t iv e  HILC. F o l lo w in g  t h e  HPTLC s t u d i e s ,  s e p a r a t io n  o f  PCBs 
157 and 16 9 was c a r r i e d  o u t  by p r e p a r a t iv e  r e v e r s e d - p h a s e  HILC, 
u s in g  r e p e a te d  i n j e c t i o n s  t h e  PCB 1 5 7 /1 6  9 r e s id u e  o b ta in e d  fr a n  th e  
p r e l im in a r y  HILC c le a n - u p  d i s s o l v e d  i n  m o b i le  p h ase .  A m o b ile  phase  
o f 7 5% v /v  THF i n  w ater  was used  a t  a f lo w  r a t e  o f  7 .0  mlmin- 1 and
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an oven  te m p era tu re  of 35^C. The HELC equipm ent used  i s  d e t a i l e d  
i n  s e c t i o n  2 . 2 . 1 .  A t y p i c a l  chromatogram i s  shewn i n  F ig u re  2 . 6 .
F ig u r e  2 .6 . Chromatogram o b ta in e d  d u r in g  t h e  s e p a r a t io n  o f  
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The i d e n t i t y  of th e  peaks was a s s ig n e d  on t h e  b a s i s  t h a t  PCB 157 , 
h a v in g  a d i p o l e  moment, would be e x p e c te d  t o  e l u t e  b e fo r e  PCB 169  
which h as  no d i p o l e  moment. T h is  had been borne out by th e  p r e v io u s  
RP-HPTL C s t u d i e s  and was l a t e r  con firm ed  i n  t h e  i d e n t i t y
d e te r m in a t io n s .T h e  d e t e c t o r  was s e t  a t  a w a v e le n g th  ( 297nm) which 
was o f f  th e  a b s o r p t io n  maximum in  ord er  t o  p rev e n t  t h e  absorbance  
e x c e e d in g  t h e  dynamic range o f  th e  d e t e c t o r .  The two PCBs w ere  
c o l l e c t e d  i n  s e p a r a t e  f l a s k s  a f t e r  em erging  from th e  d e te c t o r
c e l l . I n  o rd er  t o  a v o id  c r o s s  c o n ta m in a t io n ,  c o l l e c t i o n  o f  PCB 157
was s top p ed  b e f o r e  th e  bottom of th e  v a l l e y  betw een t h e  peaks was
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reached , and c o l le c t io n  of PCB 16 9 was s t a r t e d  j u s t  a f t e r  th e  v a lle y  
p o in t (F ig u re  2 . 6 ) .  A fter removal of th e  so lv e n t by ro ta ry  
e v ap o ra tio n , PCB 16 9 had a s l i g h t  yellow  c o lo u ra tio n .
Fi na l Pur i f  ica  t i  on. The l a s t  s tag e  in  th e  p u r i f i c a t io n  procedure 
was th e  r e c r y s t a l l i s a t i o n  of each PCB from a b so lu te  e thano l follow ed 
by d ry in g  in  a vacuum even a t  80°C fo r  fo u r  h o u rs . T his y ie ld e d  both 
PCBs a s  w h ite  c r y s ta l l in e  m a te r ia ls ,  a lthough  PCB 16 9 appeared to  
have a waxy c o n s is te n cy .
2 .2 .5 P u r i f ic a t io n  of PCB 189
PCB 189 was sy n th es ized  a s  in d ic a te d  in  s e c tio n  2 .2 .1 .
The c rude , red-brew n re a c tio n  re s id u e  c o n ta in in g  PCB 189 was 
su b jec te d  to  th e  same c lean -u p  by vacuun d i s t i l l a t i o n  ( to  remove th e  
m a jo rity  of any excess chlorobenzene) fo llow ed by e lu t io n  w ith  
hexane down a s i l i c a  colunn ( to  remove co loured  Im p u r itie s )  a s  was 
used w ith  th e  PCBs d iscu ssed  p re v io u s ly . A fte r removal of th e  hexane 
so lv en t th e  ( s l ig h t ly  yellcw ) c r y s ta l l in e  re s id u e  was d is so lv e d  in  a
minimum amount of a c e to n i t r i l e .  RP-HPTLC was th en  used to  a s s e s s  th e
l ik e ly  s u i t a b i l i t y  of th e  same HILC c o n d itio n s  a s  w ere used fo r  PCB 
156, fo r  th e  rem aining c lean -u p  o f PCB 189. The RP-HPTLC r e s u l t s  a re  
shown in  F igure  2 .7 and in d ic a te d  t h a t  s e p a ra tio n  would be p o s s ib le .
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F ig u r e  2 .7 . S e p a r a t io n  o f  com ponents fr a n  th e  s y n t h e s i s  o f  PCB 189 
by RP-HPTLC u s in g  100% a c e t o n i t r i l e  a s  m o b i le  p h a se .
s o l v e n t
f r o n t







The s o l u t i o n  o f  PCB 189 in  a c e t o n i t r i l e  was th e n  s u b j e c t e d  t o  HILC 
c le a n -u p  by r e p e a te d  i n j e c t i o n s  u s in g  10 0% a c e t o n i t r i l e  a s  th e  
m o b ile  phase a t  a f lo w  r a t e  of 1 1 . 2  mlmin- 1 and an o v en  tem p era tu re  
of 55°C. The HILC equipm ent used i s  d e t a i l e d  i n  s e c t i o n  2 . 2 . 1 .  A 
t y p i c a l  chranatogram i s  shown i n  F ig u re  2 . 8 .  Again t h e  HPTLC r e s u l t s  
i n d i c a t e d  t h e  i d e n t i t i e s  o f  th e  p ea k s .  The f i n a l  p u r i f i c a t i o n  s t a g e  
was t h e  removal of t h e  a c e t o n i t r i l e  s o l v e n t  by r o ta r y  e v a p o r a t io n  
fo l l o w e d  by r e c r y s t a l l i s a t i o n  o f  th e  PCB fra n  m ethanol and d r y in g  i n  
a vacuum oven a t  80°C f o r  fo u r  h o u r s .
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F ig u r e  2 .8 . Chranatogram o b ta in e d  d u r in g  t h e  c l e a n -u p  o f  
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2 .2 .6 P u r i f i c a t i o n  o f  PCBs 97 and 118
PCBs 118 and 97 were s y n t h e s i z e d  a s  i n d i c a t e d  i n  s e c t i o n  2 . 2 . 1 .
As d e s c r ib e d  i n  p r e v io u s  s e c t i o n s ,  vacuum d i s t i l l a t i o n  t o  remove  
e x c e s s  ch lo ro b en zen e  f o l l o w e d  by s i l i c a  co lunn  c l e a n -u p  w ere u sed  a s  
t h e  i n i t i a l  c l e a n -u p  s t a g e s  f o r  th e  crude r e s id u e  c o n t a in in g  PCBs 97
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and 1 1 8 .  Heptane was used  In  th e  co lu n n  e l u t i o n  which was a g a in  
c o n t in u e d  f o r  about 100ml a f t e r  th e  y e l l o w  band had s t a r t e d  t o  
e l u t e .  The h ep ta n e  was th en  removed by r o ta r y  e v a p o r a t io n .  S t u d ie s  
w ith  r e v e r s e d - p h a s e  HPTLC i n d i c a t e d  t h a t  70% v / v  THF i n  w a te r ,  i . e .  
th e  same system  as  was used t o  s e p a r a t e  PCBs 157 and 16 9 , c o u ld  a l s o  
s e p a r a t e  PCBs 97 and 1 1 8 .  The HPTLC r e s u l t s  a r e  shewn i n  F ig u re  2 . 9 .
F ig u r e  2 .9 . S e p a r a t io n  o f  PCBs 97 and 118 by RP-HPTLC u s in g  
70% v / v  THF i n  w a ter  as  t h e  m o b i le  p h a se .
0
O
PCB 97+ 1 ,2
156 118 DCB
s o l v e n t
f r o n t
o r i g i n
In o rd er  t o  in c r e a s e  t h e  HILC s e p a r a t io n  a s l i g h t l y  low er p r o p o r t io n
of THF (65% v / v  in  w a te r )  was used , a t  a f lo w  r a t e  o f  1 1 .6  mlmin-1
0
and an ov en  tem p era tu re  of 50 C. The HILC equipment used  i s  d e t a i l e d  
in  s e c t i o n  2 . 2 . 1 .  A s a t u r a t e d  s o l u t i o n  o f  th e  PCB r e s id u e  i n  m o b i le  
phase was used f o r  th e  HILC and r e p e a te d  i n j e c t i o n s  w ere made. A
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t y p ic a l  chromatogram i s  shewn in  F ig u re  2 . 1 0 .
F ig u r e  2 . 1 0 . Chromatogram o b ta in e d  d u r in g  t h e  s e p a r a t io n  o f  
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As b e fo r e ,  th e  HPTLC r e s u l t s  and d ip o l e  moment c o n s i d e r a t i o n s  were  
used t o  determ ine th e  i d e n t i t i e s  o f  each peak. A f te r  e v a p o r a t io n  o f  
th e  m o b i le  p hase ,  both PCBs 97 and 118 appeared o f f - w h i t e  i n  c o lo u r ,  
s u g g e s t in g  some i m p u r i t i e s  were s t i l l  p r e s e n t .  T h is  was r e f l e c t e d  in  
th e  p rese n c e  of im purity  peaks in  t h e  HELC chromatogram (F ig u r e
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2 .10) In  c o n tra s t  to  th e  c lea n e r appearance of PCBs 157 and 169 
a f t e r  H H jC  c lean-up  and th e  presence of few er im purity  peaks in  
t h e i r  chranatogram  (F ig u re  2 .6 ) .  This in d ic a te s  t h a t  a p re lim in a ry  
H H jC  c lean -u p , as was perform ed w ith  PCBs 157 and 169 using  
a c e t o n i t r i l e  as  m obile phase, would have been d e s ir a b le  fo r  PCBs 97 
and 118. As t h i s  r a th e r  tim e-consuning  s tag e  had been e m itte d , PCB 
118 was su b jec te d  to  a second h e p ta n e /s i l ic a  colunn c lean -u p  a f t e r  
th e  HILC s tag e , stopp ing  th e  e lu t io n  b e fo re  any co lour appeared . 
A fte r removal of th e  heptane by ro ta ry  ev ap o ra tio n  PCB 118 was 
r e c r y s t a l l i s e d  f ra n  m ethanol, y ie ld in g  w h ite  c r y s ta l s .
PCB 97 was r e c r y s t a l l i s e d  th re e  tim es f r a n  50% v /v  a c e t o n i t r i l e  in
m ethanol, y ie ld in g  s l i g h t ly  o ff -w h ite  c r y s ta l s .  Both PCBs were
of i n a l l y  d r ie d  in  a vacuum oven a t  78 C fo r  fo u r h o u rs .
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2 . 3  A n i m a l s
A ll r a t s  used were v i rg in  fem ale W istar a lb in o  r a t s ,  Bath U n iv e rs ity  
s t r a i n .  In  th e  n e u ro to x ic ity  s tudy , v i r g in  fem ale CILP mice 
(30-43g) o b ta in ed  frcm sto ck  bred  in -house  w ere used. In  th e  dermal 
to x ic i ty  study male h a i r le s s  mice of th e  MFl-hr s t r a i n  w ere used. 
A ll an im als were housed under la b o ra to ry  c o n d itio n s  (12 hour/12 hour 
l i g h t  cy c le ) and fe d  commercial r a t  chew ( CRM, Labs u re , Manea, Carabs.) 
and w a ter ad l i b i t u n .
2.4 Dosing
A v a r ie ty  of dosing schedu les  w ere used, which a re  o u tlin e d  below.
2 .4 .1  AROCLOR 1254 M aternal Dosing Regimens
Each r a t  was ass ig n ed  to  one of th re e  d i f f e r e n t  dosing  reg im ens. In  
each regim en, f iv e  r a t s  were each dosed w ith  a t o t a l  dose of 180 
mgKg-1 of AROCLOR 1254 in  o l iv e  o i l ,  ad m in is te red  in  s ix  s e p a ra te  
doses of 30 mgKg-* p er dose by o ra l dosing tu b e . Each dose was
c a lc u la te d  In d iv id u a lly  on th e  day of a d m in is tra tio n  using  th e  body
weic£it on t h a t  day. A fu r th e r  f iv e  r a t s  re c e iv e d  o l iv e  o i l  on ly , 
using  th e  same dosing p a t te rn ,  and served  a s  c o n tro ls  fo r  th a t  
dosing regim en. The th re e  dosing regim ens used a re  o u tl in e d  below:
Regimen 1 : M ature r a t s  (250 to  3 00g a t  m ating) were dosed once
weekly fo r s ix  weeks and mated te n  days a f t e r  th e  l a s t
dose.
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Regimen 2 : M ature r a t s  (200 to  250g a t  m ating) were mated and th en  
dosed tw ice weekly fo r  th re e  weeks d u ring  g e s ta tio n , 
s t a r t in g  on th e  day of concep tion .
Regimen 3 : Mature r a t s  (200 to  250g a t  m ating) were mated and dosed
tw ice weekly fo r th re e  weeks s t a r t i n g  on th e  day of 
p a r tu r i t io n .
L i t t e r s  were weighed on th e  day of b i r th  and o f f s p r in g  w ere allow ed 
to  su ck le  norm ally frcm th e i r  m others. At age 21 days th e  l i t t e r s  
w ere weighed ag a in  and two m ales and two fem ales f r a n  each l i t t e r  
were each weighed s e p a ra te ly  and k i l le d  by concussion  fo llow ed  by 
c e rv ic a l  d is lo c a t io n .  T heir l i v e r s  were im m ediately removed and 
p laced  in  ic e -c o ld  phosphate b u ffe r  (b u f fe r  n o . l ,  Appendix 1) and 
th e n  used fo r  th e  p re p a ra tio n  of mlcrosome suspensions by th e  method 
d e sc rib ed  in  s e c tio n  2 .6 .
2 .4 .2  M aternal Dosing of Rats w ith  PCB Congeners
Mature r a t s  (200 to  250g) were mated and l i t t e r s  were born as  
normal and weighed on th e  day of b i r t h .  Each dam (w ith  her l i t t e r )  
was th en  a ss ig n ed  to  one of 6 d i f f e r e n t  tre a tm e n t groups w ith  5 dams 
per group. Dams were dosed by o ra l dosing  tube tw ice weekly fo r  
th re e  weeks s t a r t i n g  on th e  day of p a r tu r i t io n ,  du ring  which tim e 
th e  pups were allow ed to  suck le  norm ally frcm th e i r  m others. Each 
group re ce iv ed  a d i f f e r e n t  PCB congener d is so lv e d  in  o l iv e  o i l ,  w ith 
th e  excep tion  of one (c o n tro l)  group which re c e iv e d  o l iv e  o i l  on ly .
The congeners used were PCBs 97, 118, 157 , 16 9 and 189. The to t a l
dose of each PCB a d n ln ls te re d  was 0.5 mmolKg-^ w ith  th e  excep tio n  of
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PCB 16 9 fo r which a to ta l  dose of 0 .0  5 mmol Kg-1 was used. As a lre a d y  
in d ic a te d , th i s  t o t a l  dose was d iv ided  in to  6 s in g le  doses g iven  
over th e  3 week p e rio d  between p a r tu r i t io n  and w eaning. Each dose 
was c a lc u la te d  In d iv id u a lly  on th e  day of a d m in is tra tio n  u s in g  th e  
body w eight on th a t  day.
At age 21 days th e  l i t t e r s  were removed frcm t h e i r  m others and
weighed a g a in . At the  same tim e two m ales and two fem ales frcm each 
l i t t e r  were weighed in d iv id u a lly  and k i l l e d  by concussion fo llow ed  
by c e rv ic a l d is lo c a t io n . T heir l i v e r s  were im m ediately removed and 
p laced  in  ic e -c o ld  phosphate b u ffe r (b u f fe r  n o . l ,  Appendix 1) and 
th e n  used fo r  th e  p re p a ra t io n  of microscme suspensions by th e  method 
d e sc rib e d  in  s e c tio n  2 .6 .  A fte r removal of th e  l i t t e r  each dam was 
mated ag a in  during  th e  fo llo w in g  week and a llow ed to  d e l iv e r  and 
re a r  h e r second l i t t e r  as b e fo re . No f u r th e r  dosing  was c a r r ie d  o u t .  
The pups were t r e a te d  in  th e  same manner as th e  f i r s t  l i t t e r s  and 
microsome suspensions p rep ared  frcm th e  l i v e r s  of two m ales and two 
fem ales f ra n  each l i t t e r .
2 .4 .3 C o -A d n in is tra tio n  o f PCBs 97 and 16 9 to  R ats
Study 1 ; O ral Dosing. Three week o ld  r a t s  (40-57g a t  f i r s t  dosing) 
were each ass igned  to  one of four d i f f e r e n t  tre a tm en t groups w ith  
four r a t s  per group. Dosing was th en  c a r r ie d  ou t on days 1 and 8 ,
using  e i th e r  a so lu tio n  of a PCB d isso lv ed  in  o l iv e  o i l  or o l iv e  o i l
a lo n e . This p ro to co l i s  sunm arised in  Table 2 .3 .
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Table 2 .3 . Dosing p ro to c o l used to  study th e  combined e f f e c t s  of 
two PCB congeners In  th e  f i r s t  com bination s tu d y .




1 o liv e  o i l PCB 16 9
2 PCB 97 o l iv e  o i l
3 PCB 97 PCB 16 9
4 o liv e  o i l o l iv e  o i l
As can be seen , th e  dosing  p ro to c o l involved  th e  a d m in is tra tio n  of 
PCB 97 seven  days p r io r  to  th e  a d m in is tra tio n  of PCB 16 9 ( tre a tm e n t 
group 3 ) .  Each of th e se  PCBs were in  a d d it io n  ad m in is te red  
s e p a ra te ly  (groups 1 and 2) w ith group 4 se rv in g  a s  a c o n tro l .  The 
doses g iven  were 0.3 mmolKg-1 fo r  PCB 97 and 0.025 mmolKg-1 fo r  
PCB 16 9, ad m in is te red  a s  s in g le  doses by o ra l dosing  tu b e . On day 13 
r a t s  were weighed and k i l l e d  by concussion fo llow ed  by c e rv ic a l  
d is lo c a t io n  and t h e i r  l i v e r s  were removed and used to  p rep a re  
microsome suspensions acco rd in g  to  th e  method d esc rib ed  in  s e c t io n  
2 .6 .
Study 2 ; i . p .  Dosing. S ix teen -day  o ld  r a t s  (37-46g a t  f i r s t  dosing) 
were each ass ig n ed  to  one of fou r d i f f e r e n t  tre a tm e n t groups w ith  
fo u r r a t s  per group. Dosing was th en  c a r r ie d  o u t on days 1 and 7 , 
u sing  e i th e r  a s o lu tio n  of a PCB d isso lv ed  in  o l iv e  o i l  or o l iv e  o i l  
a lo n e . The dosing  p ro to c o l used i s  summarised in  ta b le  2.4 and was
based on th a t  used In  th e  f i r s t  com bination study w ith  some 
m o d if ica tio n s  in  tim ing  and dose.
Table 2 .4 . Dosing p ro to c o l used to  study th e  combined e f f e c t s  of 
two PCS congeners in  th e  second com bination s tu d y .




1 o liv e  o i l PCB 169
2 PCB 97 o l iv e  o i l
3 PCB 97 PCB 16 9
4 o liv e  o i l o l iv e  o i l
PCB 97 was ad m in is te red  6 days p r io r  to  th e  a d n in is t r a t lo n  of PCB 
169, th e  doses were In c re ase d  to  0 .5  mmolKg-1 fo r PCB 97 and 0.05 
mmol Kg-1 fo r PCB 16 9, and doses were a d n in ls te re d  by i . p .  In je c t io n .  
On day 10, r a t s  were weighed, k i l le d  by concussion  fo llow ed  by 
c e rv ic a l d is lo c a tio n  and t h e i r  l i v e r s  removed and used to  p rep a re  
microsome suspensions by th e  method d esc rib ed  in  s e c t io n  2 .6 .
2 .4 .4  Dosing of Immature R ats  w ith  PCS Congeners (Organ Wt. Study)
S ix teen-day  o ld  fem ale W lstar r a t s  (32-43g) were each a l lo c a te d  to  
one of f iv e  trea tm en t groups, w ith  fo u r r a t s  per group. Each r a t  
rece iv ed  a s in g le  i . p .  dose of 0.5 mmolKg-1 PCB in  o l iv e  o i l .
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C o n tro ls  (7 r a ts )  rece iv ed  o l iv e  o i l  on ly . A ll r a t s  w ere k i l le d  by 
CC>2 g a ss in g  14 days a f t e r  dosing and th e  l i v e r ,  thymus gland, h e a r t ,  
sp le e n  and kidneys w ere im m ediately removed.
2 .4 .5 PCB 16 9 A d n in is tra tlo n  to  Mice (N eu ro to x ic ity  Study)
F ive  fem ale mice (30-43g) re c e iv e d  30 mgKg-^day-1 PCB 169 d is so lv e d  
in  o l iv e  o i l  on days 10-16 of g e s ta t io n . The t o t a l  dose a d n in ls te re d  
to  each mouse was th e re fo re  210 mgKg-1 . In  a d d it io n , f iv e  mice 
re c e iv e d  an e q u iv a len t dose of o l iv e  o i l  only and served  a s  
c o n tro ls .  A ll doses were ad m in is te red  by o ra l  dosing  tu b e .
2 .4 .6  Topical A d m in is tra tio n  of PCB Congeners t o  Mice (Dermal Study)
On each dosing day, 0 .2 ml of a 5 mgnl-^ s o lu t io n  o f a PCB congener 
d is so lv e d  in  acetone was slow ly a p p lie d  by au tom atic  p ip e t te  to  th e  
sk in  of th e  back, upper f la n k s  and rump of each anim al. Care was 
tak en  to  ensure  complete coverage of th e  whole a re a  w ith  PCB as th e  
acetone  evaporated . Dosing was c a r r ie d  ou t on each of f iv e  days per 
week fo r  s ix  co n secu tiv e  weeks. This p rov ided  a t o t a l  dose of 3 0mg 
of PCB per animal ever th e  s ix  weeks of th e  s tu d y . In  a d d itio n , f iv e  
mice each rece iv ed  acetone only In s te a d  of PCB s o lu tio n , a p p lie d  in  
th e  same manner, and served  a s  c o n tro ls .  The study was c a r r ie d  ou t 
in  two s ta g e s :
(1) S ix  mice (35-46g, Bath U n iv e rs ity  s tock ) were t r e a te d  
w ith  e i th e r  PCB 157 (fo u r m ice) o r acetone only (tw o 
m ice);
(2) E leven mice (23-33g) o b ta in ed  frcm an e x te rn a l su p p lie r
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( O la c L td . ,  Shaw's Farm, B ic e s te r , Oxon.) were t r e a te d  
e i th e r  w ith  PCB 189 (fo u r m ice) o r PCB 97 (fo u r  m ice) 
o r acetone only ( th r e e  m ice ).
Mice w ere weighed a t  weekly In te rv a ls  d u ring  th e  s tu d y . On
com pletion  of th e  six-w eek dosing  p e rio d  mice were k i l l e d  by
concussion  fo llcw ed  by c e rv ic a l d is lo c a tio n . The sk in  of th e  back
was removed a s  one complete sh ee t, keeping th e  ep iderm is and derm is 
i n ta c t  and undamaged. The sh ee t of sk in  was sp read  over a m icroscope 
s l id e  to  m a in ta in  i t  in  a f l a t  p o s it io n  and p rev en t i t  frcm c u r lin g  
up. The s l id e  and sk in  were then  immersed in  a s o lu tio n  o f 40% 
form aldehyde. Skin s e c tio n s  were l a t e r  p repared  fo r  h is to lo g ic a l  
exam ination by th e  s tan d a rd  procedure  of p ro cess in g  to  p a ra f f in  
b locks, c u t t in g  a s e c tio n  of th ic k n e ss  5jin and s ta in in g  w ith
haem atoxylin  and e o s in .
2 .5 B io lo g ica l Measurements
PCB-induced changes in  th e  dosed anim als o r t h e i r  pups were 
m onitored by m easuring th e  param eters d e ta i le d  belcw.
2 .5 .1  AROCLOR 1254 M aternal Dosing Regimens
For each l i t t e r ,  th e  l i t t e r  s iz e  and l i t t e r  w eigh t a t  b i r th  and a t  
age 21 days were reco rded , d i f f e r e n t i a t in g  between male and fem ale 
pups. For each microsome suspension  p repared , measurements were 
made of p ro te in  co n ce n tra tio n , a n i l in e  hydroxylase a c t i v i t y  and 
am inopyrine-N -dem ethylase a c t i v i ty  (se e  s e c tio n  2 .6 ) .
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In  a d d it io n , fo r each 21 day o ld  r a t  k i l le d  th e  organ w eigh t :body 
w eight r a t i o  was recorded  fo r  thymus gland, h e a r t ,  sp leen  and 
k idneys.
2 .5 .2  M aternal Dosing of R ats w ith  PCB Congeners
For each l i t t e r ,  th e  l i t t e r  s iz e  and l i t t e r  w eight a t  b i r th  and a t  
age 21 days were reco rded , d i f f e r e n t ia t in g  between male and fem ale 
pups. For each microscme suspension  p repared , measurements were made 
of p ro te in  c o n ce n tra tio n , cy tochrane P-450 c o n c e n tra tio n , a n i l in e  
hydroxylase  a c t i v i ty  and aminopyrine-lfr-deraethylase a c t i v i t y  (se e  
s e c tio n  2 .6 ) •
2 .5 .3 C o-A dm inistration  of PCBs 97 and 169 to  R ats
For each microsome suspension  p repared , measurements w ere made of 
th e  p ro te in  co n ce n tra tio n , cytochrome P-450 c o n c e n tra tio n , a n i l in e  
hydroxylase  a c t i v i ty  and am inopyrine-N -dem ethylase a c t i v i t y  (se e  
s e c tio n  2 .6) .
2 .5 .4 Dosing of Immature R ats  w ith  PCB Congeners (Organ Wt. Study)
A fter removal of th e  organs f ra n  each animal and p a t t in g  dry on 
f i l t e r  paper, th e  w eigh ts  o f th e  l i v e r ,  thymus gland, h e a r t ,  sp leen  
and kidneys were reco rded .
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2 .5 .5  PCB 16 9 A dm in is tra tio n  to  Mice (N eu ro to x ic ity  Study)
Follow ing th e  b i r th  o£ each l i t t e r ,  o f f s p r in g  w ere a llow ed to  su ck le  
norm ally frcm th e i r  m others u n t i l  weaning a t  age 3 weeks. During 
t h i s  p e rio d , and fo r  a f u r th e r  3 weeks fo llo w in g  weaning, pups w ere 
examined a t  f iv e -d a y  in te r v a l s  fo r  s ig n s  o f abnormal behaviour 
( p a r t ic u la r ly  c i r c u la r  m ovem ents).
2 .5 .6  Topical A dm in is tra tio n  of PCB Congeners t o  Mice (Dermal Study)
H is to lo g ic a l  exam ination of th e  mouse sk in  sam ples was c a r r ie d  o u t 
u s in g  a W eiss l i g h t  m icroscope under x250 m a g n ific a tio n .
2 .6 Biochemical Assays
2 .6 .1  P rep a ra tio n  of Mlcrosome Suspensions
Rat l i v e r s  were weighed and th e n  homogenised in  ic e -c o ld  M/15 
phosphate b u ffe r  pH 7.35 c o n ta in in g  ImM EDTA and 20% g ly c e ro l 
(b u f fe r  n o . l ,  Appendix 1 ) ,  u s in g  a P o tte r-E lv e h j cm type g la ss  
hcmogeniser equipped w ith  a t e f lo n  p e s t le .  S ix  v e r t i c a l  s tro k e s  of 
th e  hcmogeniser were used a t  a hcm ogeniser sp>eed o f 2,000 rpro. The 
hcmogenate was th en  c e n tr ifu g e d  a t  10,000 xg fo r  20 m inutes in  a MSE 
High Speed 18 c e n tr ifu g e . The r e s u l ta n t  su p e rn a tan t f r a c t io n  was 
re c e n tr ifu g e d  a t  100,000 xg f o r  one hour in  a Beckman L8-70M 
u l t r a c e n t r i fu g e .  The m icrosane p e l l e t  o b ta in ed  was suspended in  M/15 
phosphate b u ffe r pH 7.35 (b u f fe r  n o .2 , Appendix 1) u s in g  a
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h an d -d riv en  g ro u n d -g lass  hcmogeniser to  y ie ld  a suspension  w ith  a
p ro te in  c o n c e n tra tio n  of between 5 and 10 mgnl-1 . A ll o p e ra tio n s
owere c a r r ie d  o u t a t  4 C. EDTA was in c lu d ed  in  th e  hom ogenisation 
b u ffe r  because i t  i s  re p o rte d  to  p reven t a g g reg a tio n  of microsome 
p a r t i c l e s  and t h e i r  subsequent appearance in  th e  10,000 xg p e l l e t ,  
and to  decrease  th e  degree of contam ination  of th e  100,000 xg 
(m icrosom al) p e l l e t  w ith  ribosom es (1 2 7 ). G lycerol was Included  in  
both b u f f e r s  n o .l  and n o .2 to  i n h ib i t  th e  conversion  of cytochrcme 
P-450 to  P-420 (1 2 8 ,1 2 9 ) .
Microsome suspensions w ere s to re d  in  sm all c o n ta in e rs  (each ho ld in g
about 0.5m l su spension ) which were fro ze n  (-20°C) im m ediately a f te r
p re p a ra t io n  u n t i l  b e in g  thawed a t  roan tem pera tu re  im m ediately
b e fo re  u se . By s to r in g  th e  suspensions in  sm all a l iq u o ts ,  each
sample was su b je c te d  t o  th e  freeze /th aw  p ro cess  on ly  once b efo re
use, th e reb y  m in im ising  any damage to  th e  p ro te in s  t h a t  th e
f r e e z in g /d e f r o s t in g  p ro c e ss  may cause. The s t a b i l i t y  of deep fro z e n
microsome sam ples h a s  been review ed by Hubbard e t  a l .  (130) who
concluded t h a t  enzyme a c t i v i t i e s  a re  no t g e n e ra lly  ad v erse ly
a f fe c te d  by s to ra g e  a t  -8 0 °C o r below fo r periods of up to  about 7
months. In  o rd e r  to  check th e  s t a b i l i t y  of samples s to re d  in  t h i s
p r o je c t ,  microsome su sp ensions were p repared  acco rd ing  to  th e  method
d esc rib e d  above, u s in g  l i v e r s  f r a n  r a t s  dosed w ith  AROCLOR 1254 . The
osamples were s to re d  a t  -20 C, thawed a t  roan tem pera tu re  and th e  
a c t i v i t y  of am inopyrine-N>dem ethylase determ ined in  each sample a t  
in te r v a l s  o f 0 , 1 , 5 and 6 months. The r e s u l t s  a re  shown in  Table
2.5 and in d ic a te  t h a t  enzyme a c t i v i ty  was g e n e ra lly  not 
s ig n i f ic a n t ly  a f fe c te d  by s to ra g e  fo r  6 months. In  p ra c t ic e ,  a l l
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enzyme a c t i v i ty  d e te rm in a tio n s  were c a r r ie d  o u t w ith in  th r e e  months 
o f sample p re p a ra tio n .
Table 2 .5 . E ffe c t of s to rag e  tim e on th e  a c t i v i t y  of arainopyrine-tt-
dem ethylase in  l i v e r  microsome su sp en sio n s. A ll sam ples 
owere s to re d  a t  -20 C and thawed once b e fo re  use.
Rat R e la tiv e  am inopyrine- N-demethylase a c t iv i ty *
No. 0 months 1 month 5 months 6 months
1 100 117 93 97
2 100 98 90 96
3 100 101 85 90
4 100 108 99 103
^Expressed a s  a percen tage  of th e  a c t i v i t y  a t  z e ro  
months ( i . e .  assayed on th e  day fo llo w in g  sample 
p re p a ra tio n ) fo r  th e  same anim al.
2 .6 .2 P ro te in  D eterm inations
Microsomal p ro te in  c o n c e n tra tio n s  were determ ined by th e  method o f
Lowry e t  a l .  (131) u s in g  bovine serim  albumin a s  s tan d a rd . Albumin
s tan d a rd  s o lu tio n s  were made u sin g  a x40 d i lu t io n  of b u ffe r  n o .2
(Appendix 1) in  s a l in e .  The a ssay  shewed a l in e a r  r e la t io n s h ip  
between absorbance of th e  f i n a l  s o lu tio n s  and th e  p ro te in
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c o n c e n tra tio n  of th e  s tan d a rd s , up to  a l i m i t  of 0 .4  mgnl-1 . 
D ilu tio n s  (x40) of th e  microsomal su sp en sio n s  w ere made u sin g  0.9% 
s a l in e ,  to  g ive  a p ro te in  c o n c e n tra tio n  in  th e  range 0 .1-0 .3 mgnl-1 
b e fo re  being  used in  th e  a ssay .
2 .6 .3 Cytochrome P-450 C oncen tra tion
Cytochrome P-450 c o n c e n tra tio n s  in  l i v e r  microsome su sp ensions were 
determ ined  by th e  method o f Cmura and S a to  (108) u s in g  microsome 
su sp en sio n s  s o lu b i l i s e d  w ith  th e  n o n -d en a tu rin g  d e te rg e n t (CHAPS)
developed by H jelm eland (1 3 2 ) . Microsome su sp en sio n s  were d i lu te d
w ith  phosphate b u ffe r  c o n ta in in g  g ly ce ro l and CHAPS (b u f fe r  n o .4 ,
Appendix 1) to  g ive a c le a r  s o lu tio n  w ith  a p ro te in  c o n c e n tra tio n  of
1 .0  mcjnl-1 . T his s o lu t io n  was t r a n s f e r r e d  to  sample and re fe re n c e  
c u v e tte s  and th e  b a se lin e  a b so rp tio n  spectrum  recorded  between 400 
and 500rm. The in s tru m en t used was a P erk in  Elmer Lambda 3 dual beam 
spec tro p h o tc ro e te r, scann ing  a t  60 iinmin-1 . The sample c u v e tte  was 
th en  gassed  w ith  carbon monoxide by bubbling  th e  gas th rough th e  
s o lu t io n  in  th e  c u v e tte  a t  a r a t e  of about 1 bubble s e c -1 fo r 90 
seconds. The sp ec tru n  was reco rd ed  (sp e c tru n  1) g iv in g  a s in g le  
maximum around 420nn which re p re se n te d  th e  absorbance due to  th e  
haemoglobin:CO complex.
Approxim ately th re e  m illig ra m s  of sodium d i th io n i t e  were th en  added 
to  each c u v e tte , th e  sample c u v e tte  was gassed  a second tim e w ith  CO 
in  th e  same manner as b e fo re , and th e  sp ec tru n  recorded  ag a in
(sp e c tru n  2) . T his a ls o  shewed a minor maximum around 420nn, t h i s  
tim e re p re s e n tin g  th e  absorbance due to  both th e  reduced  cytochrcm e
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P-420:C0 and th e  haemoglobin-CO complexes. Spectrun  2 a lso  shewed a 
maximum around 450ixn, re p re se n tin g  th e  absorbance due to  th e  reduced 
cytochrome P-450:CO complex, th e  peak h e ig h t of which was o b ta in ed  
by s u b tra c t in g  th e  absorbance a t  490rm f r a n  th a t  a t  th e  maximum. 
Using t h i s  peak h e ig h t, th e  c o n c e n tra tio n  o f cytochrome P-450 was 
c a lc u la te d  in  nnol/mg p ro te in  assum ing an e x t in c t io n  c o e f f ic ie n t  of 
91 mM-^cm-1 . The r e s u l t s  o b ta in e d  ranged frcm  0.3 to  2 .5  nmol/mg 
p ro te in .  The w avelength of t h i s  absorbance roaxlmim was a lso  
reco rd ed . A ty p ic a l  s e t  of s p e c tra  i s  shewn in  Appendix 2 .
The tendency of cytochrome P-450 to  co n v ert to  P-420 (108) du rin g  
sample p re p a ra t io n  may lead  to  an  u n d erestim atio n  of th e  amount of 
th e  form er o r ig in a l ly  p re se n t in  v iv o . The approxim ate m agnitude of 
t h i s  conversion  i s  in d ic a te d  by th e  r e l a t i v e  peak h e ig h ts  of th e  
maxima a t  420 and 450nm seen  in  sp ec tru n  2 . However, because th e  
minor (420im) peak occu rs  on th e  shoulder of th e  main (450rm) peak, 
an a c c u ra te  e s tim a te  of th e  c o n ce n tra tio n  of th e  components g iv in g  
r i s e  to  th e  minor peak cannot be o b ta in ed . In  a d d it io n , th e  s iz e  of 
th e  minor peak i s  a lso  a f fe c te d  by th e  haem oglobin co n ten t of th e  
s o lu tio n  (133) s in ce  th e  haemoglobin:CO complex a ls o  shows a maximum 
in  t h i s  re g io n  (sp ec tru n  1 ) .  A comparison of sp e c tra  1 and 2 fo r 
each sample in d ic a te d  th a t  g e n e ra lly  th e  absorbance maximun a t  420nn 
was due m ainly to  th e  presence of haemoglobin in  th e  sam ples, in  
which case l i t t l e  conversion  of P-450 to  P-420 had o ccu rred . The 
c a lc u la t io n  of P-450 c o n c e n tra tio n  was based on t h i s  assum ption.
To t e s t  th e  r e l i a b i l i t y  of th e  assay , a s e r ie s  of d i lu t io n s  of th e  
same microsome suspension  was p rep ared  u s in g  b u ffe r  no .4 (appendix
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1 ) .  T his p rovided  s o lu tio n s  ( in  d u p lic a te )  c o n ta in in g  0 .5 , 1 .0 ,  1 .5  
and 2.0 ragnl-^ p ro te in . The absorbance spectrum  of th e  reduced  
P-450:CO complex was recorded  fo r  each s o lu tio n  using  th e  method 
a lre a d y  d esc rib ed . The r e s u l t s  o b ta in ed  were used to  c o n s tru c t a 
graph of absorbance ( a t  th e  maxlmim) a g a in s t  p ro te in  c o n c e n tra tio n  
(Appendix 3 ) .  The graph shews t h a t  th ese  two param eters a r e  
p o s i t iv e ly  c o rre la te d , which forms th e  b a s is  fo r  th e  assay , and 
shows t h a t  a p ro te in  co n cen tra tio n  of 1 .0  mgnl-* i s  s u i ta b le .
2 .6 .4 A n iline  Hydroxylase A c tiv ity
A n ilin e  hydroxylase a c t i v i ty  in  th e  microsomal suspensions was 
assayed  by th e  c o lo r im e tr ic  d e te rm in a tio n  of p-aminophenol (PAP) 
produced in  r e a c t io n  m ix tu res  Incubated  a t  37°C fo r  25 m inutes. The 
com position of th e  in cu b a tio n s  was based on t h a t  used by Yoshlmura 
e t  a l .  (120) and i s  shown in  ta b le  2 .6 .  The measurement of PAP was 
based on th e  method of B rodie and Axelrod (134) a s  adap ted  by Unai 
e t  a l .  (1 3 5 ) . Known amounts of PAP c a r r ie d  through th e  In cu b a tio n  
and assay  procedures served  as s tan d a rd s . B efore th e  m odified  assay  
could be adopted fo r  use, some v a l id a t io n  work was c a r r ie d  ou t to  
t e s t  th e  r e l i a b i l i t y  of th e  method.
In cu b a tio n s  were c a r r ie d  out in  10ml stoppered  tu b e s  to  which 
s o lu tio n s  of th e  v a rio u s  components of th e  in cu b a tio n  had been added 
by autom atic  p ip e t te .  Each batch of in cu b a tio n s  c o n s is te d  of 
s tan d ard s  (c o n ta in in g  known amounts of PAP) and t e s t s  (c o n ta in in g  
a microsomal suspension  being a ssa y e d ) . The enzyme in  each s tan d a rd  
was in a c t iv a te d  b efo re  in cu b a tio n  by th e  a d d itio n  of t r i c h lo r o a c e t ic
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ac id  (TCA). D e ta ils  of th e  so lu tio n s  added to  th e se  in c u b a tio n s  a re  
given in  Appendix 4 . A fter in c u b a tio n  w ith  g e n tle  shak ing  in  a 
w a te r-b a th  a t  37°C fo r  25 m inutes, th e  enzyme re a c t io n  was 
te rm in a ted  in  t e s t  in cu b a tio n s  by th e  a d d it io n  o f 0.4ml 25%w/v 
aqueous TCA s o lu tio n . A ll tubes were then  c e n tr ifu g e d  a t  3000 rpm 
fo r  te n  m inu tes, a f t e r  which 1.0ml of the  su p e rn a ta n t was added to  
0.3ml of 15%w/v aqueous sodium carbonate  s o lu tio n  fo llow ed  by 0.5ml 
4%w/v phenol in  0.4M sodium hydroxide s o lu t io n  ( f r e s h ly  p re p a re d ) . 
A fte r m ixing, th e  s o lu tio n s  were in cu b ated  a t  20°C fo r  one hour to  
allow  co lour fo rm atio n  and t h e i r  absorbances re a d  a t  630 nm a g a in s t 
th e  s tan d a rd  in c u b a tio n  c o n ta in in g  0 meg PAP. The in s tru m en t used 
was a Pye Unicam 8620 s in g le  beam, f ix e d  w avelength 
spe c t r  ophotcm e t e r .
Table 2 .6 . Composition of in cu b a tio n s  used in  th e  assay  of 
a n i l in e  hydroxylase  a c t i v i t y .
In g red ie n t Q uantity
Anil ine 1 pa o le
NADP 0.33 p n o le s
Glucose-6 -phosphate 8 pn o les
Magnesium c h lo rid e 6 jumoles
G lucose-6-phosphate dehydrogenase 1 u n i t
Microsomal suspension e q u iv .to  lmg p ro te in
B uffer No. 3 , appendix 1 to  1 .0 ml
64
From a c a l ib r a t io n  curve of absorbance a g a in s t  PAP c o n c e n tra tio n  In  
th e  s tan d a rd  In cu b a tio n s , (s e e  belcw) th e  amount of PAP formed in  
each t e s t  in cu b a tio n  was determ ined and used to  c a lc u la te  th e  enzyme 
a c t i v i t y  in  u n its  of rmol PAP formed/mg p ro te in /m in u te . I n i t i a l l y  
in cu b a tio n s  were c a r r ie d  o u t in  t r i p l i c a t e ,  bu t once th e  p re c is io n  
of th e  assay  had been shewn in  use only d u p lic a te s  were used.
S tandard  In c u b a tio n s . The assay  re q u ire s  a l in e a r  r e la t io n s h ip  
between th e  absorbance of th e  co loured  s o lu t io n s  measured a t  th e  end 
of th e  assay  and th e  amount of PAP p re s e n t. An example of th e  
absorbances o b ta in ed  f r a n  th e  s tan d a rd  in c u b a tio n s  i s  p re sen ted  in  
Table 2.7 which shews a l i n e a r  r e la t io n s h ip  (r=0 .998) over th e  range 
0-6 meg PA P/incubation.
Table 2 .7 . Absorbance of f in a l  s o lu tio n s  o b ta in ed  w ith  th e  assay  
of a n i l in e  hydroxylase  a c t i v i t y ,  using  t r i p l i c a t e  
s tan d a rd  in cu b a tio n s  of in a c t iv a te d  enzyme.
PAP, m eg /incubation  Absorbances
0 0 , 0 .016 , 0
0.5 0 .027 , 0 .026 , 0 .025
1.0 0 .060 , 0 .066, 0 .060
2.0 0 .145, 0 .1 3 7 , 0 .134
4 .0 0.2 97, 0 .308, 0 .298
6 .0 0 .438, 0 .432, 0 .464
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Assay V a lid a tio n  u sing  A ctive  Enzyme. Measurements were made of th e  
change in  r e a c t io n  r a t e  w ith  tim e and w ith  th e  amount of p ro te in  
p re s e n t , u sing  m icrosanes p rep ared  frcm th e  l i v e r s  o f immature r a t s  
dosed w ith  AROCLOR 1254. The e f f e c t  of tim e on re a c t io n  r a t e  was 
a sse sse d  by c a rry in g  o u t th e  assay  u sing  a c o n s ta n t amount of th e  
same microsomal suspension  (e q u iv a le n t to  lmg p ro te in )  Incubated  a t  
v a r io u s  tim es (0 , 5 , 10 , 15 , 20, 25 and 30 m inu tes) a t  37°C. Each
In cu b a tio n  was perform ed in  t r i p l i c a t e  and th e  r e s u l t s  a r e  shown 
g ra p h ic a lly  in  Appendix 5 . A l i n e a r  r e la t io n s h ip  was found between 
th e  absorbance (and th e re fo re  th e  amount of PAP produced) and tim e 
up to  30 m inu tes. Frcm th ese  r e s u l t s  a s tan d a rd  in c u b a tio n  tim e of 
25 m inutes was adopted fo r  use in  t h i s  a ssay , being  w ith in  th e  
re g io n  of l i n e a r i t y .  The e f f e c t  of v a ry in g  th e  amount of p ro te in  
p re se n t in  th e  in c u b a tio n s  was a sse sse d  by c a r ry in g  ou t th e  assay  
u sin g  v a ry in g  amounts of th e  same microsomal suspension , to  p rovide 
a range of up to  1.5mg p ro te in  per in cu b a tio n . Each In cu b a tio n  
was perform ed in  t r i p l i c a t e  and th e  r e s u l t s  a re  shewn g ra p h ic a lly  in  
Appendix 6 . A l in e a r  r e la t io n s h ip  was found between absorbance and 
th e  amount of p ro te in  p re s e n t. T his in d ic a te d  th e  s u i t a b i l i t y  of 
u sing  l.Omg p ro te in  per in c u b a tio n  in  t h i s  a ssay .
The p re c is io n  of th e  assay  was a sse sse d  frcm th e  v a r ia t io n  in  th e  
absorbances o b ta in ed  frcm t r i p l i c a t e  in c u b a tio n s . Table 2 .8  shows 
th e  da ta  used to  c o n s tru c t th e  graph in  Appendix 6 , showing th e  
change in  absorbance a g a in s t  th e  amount of p ro te in  p re se n t. The 
v a r ia t io n  between s im ila r  in c u b a tio n s  i s  g en e ra lly  a cc e p tab le . This 
p re c is io n  i s  a ls o  r e f le c te d  in  th e  da ta  in  Table 2 .7 ,  which was 
o b ta in ed  u sin g  s tan d a rd  in c u b a tio n s .
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Table 2 .8 . Absorbance of f in a l  so lu tio n s  In  th e  assay  of a n i l in e  
hydroxylase a c t i v i t y ,  u sing  t r i p l i c a t e  In cu b a tio n s  of 
d i f f e r e n t  amounts of th e  same m icrosom al suspension  
incu b ated  a t  37°C fo r  25 m inu tes.
Volune of suspension  Absorbances
incubated , ml
0 0, 0 .001, 0.002
0 .05 0 .042, 0 .042, 0 .041
0.10 0 .0 81, 0 .0 85 , 0 .0  87
0.15 0 .121, 0 .1 2 7 , 0 .122
0.20 0 .159 , 0 .161, 0 .162
0 .25 0 .191, 0 .192, 0 .186
0.30 0 .214, 0 .215, 0 .211
2 .6 .5 Aminopyrine-N-Demethylase A c tiv ity
Aminopyrine-N-demethylase a c t i v i t y  in  th e  microsomal suspensions was 
assayed  by th e  c o lo r im e tr ic  d e te rm in a tio n  o f form aldehyde produced 
in  re a c t io n  m ix tu res  in cu b a ted  a t  37°C fo r  25 m inutes. The
com position of th e  in c u b a tio n s  was based on th a t  used by Yoshimura 
e t  a l .  (120) and i s  shown in  ta b le  2 .9 .  The measurement of 
form aldehyde was based on th e  method of Nash (136) as adap ted  by 
Cochin and Axelrod (1 3 7 ). Known amounts of formaldehyde c a r r ie d
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through th e  in cu b a tio n  and assay  procedures se rv ed  a s  s tan d a rd s . 
B efore th e  m odified  assay  cou ld  be adopted f o r  u se , some v a l id a t io n  
work was c a r r ie d  out to  t e s t  th e  r e l i a b i l i t y  of th e  method.
Table 2 .9 . Composition of in cu b a tio n s  used in  th e  assay  of 
am inopyrine-N -dem ethylase a c t i v i t y .
Ingr ed len t Q u an tity
Amlnopyrine 1 pm o le
Sem icarbazlde 11 pinoles
NADP 0.33 pm oles
G lucose-6-phosphate 8 junoles
Magnesium c h lo rid e 6 pm oles
G lucose-6-phosphate  dehydrogenase 1 u n i t
Microsomal suspension e q u iv .to  lmg p ro te in
B uffer No. 3 , appendix 1 to 1 .0  ml
In cu b a tio n s  were c a r r ie d  o u t in  10ml sto p p ered  tu b e s  to  which 
s o lu tio n s  of th e  v a rio u s  components o f th e  in c u b a tio n  had been added 
by autom atic  p ip e t te .  Each batch  of in c u b a tio n s  c o n s is te d  of 
s tan d ard s  (c o n ta in in g  known amounts of form aldehyde) and t e s t s  
(c o n ta in in g  a microsomal suspension  being  a s sa y e d ) . The enzyme in  
each s tan d a rd  was in a c t iv a te d  b e fo re  in cu b a tio n  by th e  a d d it io n  of 
z in c  su lp h a te  s o lu tio n . D e ta i ls  o f th e  s o lu tio n s  added to  th e se  
in cu b a tio n s  a re  given in  Appendix 7 . A fte r in c u b a tio n  w ith  g e n tle  
shaking in  a w a te r-b a th  a t  37°C fo r  25 m inutes, th e  enzyme re a c t io n
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was te rm in a ted  in  t e s t  in cu b a tio n s  by th e  a d d it io n  of 0 .4ml 15%w/v 
aqueous z in c  su lp h a te  so lu tio n  fo llo w ed  a f t e r  f i v e  m inu tes by 0.4ml 
s a tu ra te d  bariun  hydroxide s o lu t io n .  At t h i s  s tag e  th e  s tan d a rd  
in c u b a tio n s  a ls o  re c e iv e d  0.4ml s a tu r a te d  b a riu n  hydroxide s o lu tio n . 
A ll in cu b a tio n  tu b e s  were th en  c e n tr ifu g e d  a t  3 000 rpn f o r  10 
m inu tes, a f t e r  which 1.0ml of each su p e rn a ta n t was added to  0.4ml 
d o u b le -s tre n g th  Nash reag en t ( f r e s h ly  p rep ared , c o n ta in in g  ammonium 
a c e ta te  7 .5 g  and a c e ty l  acetone 0.1ml in  w a ter to  2 5 .0 m l). A fte r 
m ixing, th e  s o lu tio n s  were In cu b a ted  a t  60°C fo r  30 m inutes to  allow  
colour fo rm ation  and t h e i r  absorbances m easured a t  415nn a g a in s t  th e  
s tan d a rd  In cu b a tio n  c o n ta in in g  0 meg form aldehyde. The in s tru m en t 
used was a ly e  Unicam 8620 s in g le  beam, f ix e d  w avelength 
sp ec tropho tom eter.
From a c a l ib r a t io n  curve of absorbance a g a in s t  form aldehyde 
c o n ce n tra tio n  in  th e  s tan d a rd  in c u b a tio n s  (se e  below) th e  amount of 
formaldehyde formed in  each t e s t  in c u b a tio n  was determ ined and used 
to  c a lc u la te  th e  enzyme a c t i v i t y  in  u n i ts  of nmol HCHO formed/mg 
p ro te in /m in u te . I n i t i a l l y  in cu b a tio n s  w ere c a r r ie d  ou t in  
t r i p l i c a t e ,  but once th e  p re c is io n  o f th e  assay  had been 
dem onstrated in  use only d u p lic a te  a ssa y s  were con sid ered  n e ce ssa ry .
S tandard  In c u b a tio n s . The assay  re q u ire s  a l i n e a r  r e la t io n s h ip  
between th e  absorbance of th e  co lou red  s o lu t io n s  m easured e t  th e  end 
of th e  assay  and th e  amount of form aldehyde p re s e n t. An example of 
th e  absorbances o b ta in ed  from th e  s tan d a rd  in cu b a tio n s  i s  p re sen te d  
in  Table 2.10 which shows a l i n e a r  r e la t io n s h ip  (r -0  .998) over th e  
range 0-6 meg HCEO/incubation.
6 9
Table 2 .1 0 . Absorbance of f in a l  s o lu tio n s  In  th e  assay  of 
am inopyrine dem ethylase a c t i v i t y ,  u sing  t r i p l i c a t e  
s tan d a rd  In cu b a tio n s  of In a c tiv a te d  enzyme.
HCHO, m eg/Incubation  Absorbances
0 0, 0 .0 2 6 , 0
0.5 0 .070 , 0 .0 6 5 , 0.057
1.0 0 .104 , 0 .106 , 0.122
2.0 0 .192 , 0 .2 1 4 , 0 .218
4.0 0 .362 , 0 .403, 0 .3 88
6 .0 0 .601 , 0 .604, 0 .599
Assay Veil Id a tlo n  u sin g  A ctive  Enzyme. Measurements were made of th e
change of re a c tio n  r a t e  w ith  tim e and th e  amount of p ro te in  p re se n t,
u s in g  microsomes p repared  frcm th e  l i v e r s  of Immature r a t s  induced
w ith  AROCLQR 1254. The e f f e c t  of tim e on r e a c t io n  r a t e  was a sse ssed
by ca rry in g  o u t th e  assay  u sing  a co n stan t amount of microsomal
suspension  (e q u iv a le n t to  l.Omg p ro te in )  Incubated  a t  v a r io u s  tim es
o(0 , 5 , 10, 15 , 20, 25 and 30 m inutes) a t  37 C. Each in cu b a tio n  was
perform ed in  t r i p l i c a t e  and th e  r e s u l t s  a r e  shewn g ra p h ic a lly  In  
Appendix 8 . A l in e a r  r e la t io n s h ip  was found between th e  absorbance 
(and th e re fo re  th e  amount of formaldehyde produced) and tim e up to  
30 m inutes. Fran th ese  r e s u l t s  a s tan d a rd  Incu b a tio n  tim e of 25 
m inutes was adopted fo r  use in  t h i s  a ssay , being w ith in  th e  reg io n  
of l i n e a r i t y .  The e f f e c t  of v a ry in g  th e  amount of p ro te in  p re se n t in
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th e  in cu b a tio n s  was a sse ssed  by c a rry in g  o u t th e  assay  u sing  v a ry in g  
amounts o f th e  same microsomal suspension , to  p rovide a range of up 
to  1 .5mg p ro te in  per in c u b a tio n . Each in c u b a tio n  was perform ed in  
t r i p l i c a t e  and th e  r e s u l t s  a re  shewn g ra p h ic a lly  in  Appendix 9 . A 
l in e a r  r e la t io n s h ip  was found between th e  absorbance and th e  amount 
of p ro te in  p re se n t. T his in d ic a te d  th e  s u i t a b i l i t y  of using  l.Omg 
p ro te in  per In cu b a tio n  in  t h i s  a ssa y .
The p re c is io n  of th e  assay  was a sse ssed  frcm th e  v a r ia t io n  in  th e  
absorbances o b ta in ed  f ra n  t r i p l i c a t e  in c u b a tio n s . Table 2 .11 shews 
th e  da ta  used to  c o n s tru c t th e  graph in  Appendix 9, shewing th e  
change in  absorbance a g a in s t  th e  amount of p ro te in  p re se n t. The 
v a r ia t io n  between s im ila r  in cu b a tio n s  i s  g e n e ra lly  a cc e p tab le . This 
p re c is io n  i s  a lso  r e f le c te d  in  T able  2 .1 0 , which was o b ta in ed  u s in g  
s tan d a rd  in cu b a tio n s .
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Table 2 .1 1 . Absorbance of f in a l  s o lu tio n s  o b ta in e d  In  th e  assay  of
am lnopyrlne-N -dem ethylase a c t i v i t y ,  u sing  t r i p l i c a t e
In cu b a tio n s  of d i f f e r e n t  amounts of th e  same mlcrosome
osuspension  Incubated  a t  37 C f o r  25 m inutes.
Volume of suspension  Absorbances
Incubated , ml
0 0 .021 , 0 , 0.030
0.05 0 .122, 0 .142, 0.173
0.10 0 .227 , 0 .240, 0 .275
0 .15 0 .336, 0 .3 43 , 0.367
0.20 0.430 , 0 .440, 0.417
0.25 0.465 , 0 .462, 0 .502
0 .30 0 .524, 0 .530, 0 .556
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CHAPTER THREE
IDENTITY, PURITY AND YIELDS OF PCS GONGENERS 
RESULTS AND DISCUSSION
The Id e n t i ty  o£ each of th e  PCB congeners sy n th es iz ed  was confirm ed 
by p ro to n  n u c lea r m agnetic resonance s p e c tra , mass spectrom etry  and 
th e  com parison of m eltin g  p o in ts  w ith  p u b lish ed  v a lu e s  where 
a v a i la b le .  These techn iques a long  w ith  c a p i l la r y  gas chromatography 
a lso  allow ed an assessm ent of p u r i ty . The r e s u l t s  a re  p re sen te d  and 
d iscu ssed  below.
3 .1  PCB Y ields and P u r i t ie s
The y ie ld s  and p u r i t i e s  of each of th e  p u r i f ie d  PCB congeners a re
shewn in  Table 3 .1 .
The y ie ld  of PCB 118 was though t to  be lew due to  some being  l e f t  
behind on th e  second s i l i c a  colunn c lean -u p . The r e l a t iv e ly  low 
y ie ld  of PCB 16 9 compared to  t h a t  of PCB 157 (a  product of th e
same re a c tio n )  may be a t  l e a s t  p a r t ly  due to  th e  f a c t  t h a t  th e
re a c t io n  fav o u rs  th e  l a t t e r ,  so t h a t  a g re a te r  y ie ld  of PCB 157 
would be expected .
Table 3 .1 a lso  shews th e  y ie ld s  exp ressed  a s  a percen tage  of th e
th e o r e t ic a l  maximua. This in d ic a te s  th e  e f f ic ie n c y  of th e  e n t i r e  
sy n th e s is  and c lean -u p  procedure  in  th e  p ro d u c tio n  of PCB p ro d u c t. 
The low percen tage  y ie ld  of PCB 156 compared to  th e  o th e rs  was
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p o ss ib ly  due to  th e  sm aller amounts of re a c ta n ts  used (see  s e c tio n  
2 .2 .1 )  r e s u l t in g  in  p ro p o r tio n a lly  g re a te r  lo s s e s  d u ring  c lean -u p . 
A part f r a n  th e  low value fo r  PCB 156, th e  percen tage  y ie ld s  f ra n  th e  
d i f f e r e n t  re a c t io n s  a re  f a i r l y  c o n s is te n t .
Table 3 .1 . Y ields of th e  P u r if ie d  PCB Congeners
PCB No. Y ield, T h e o re tic a l % Y ield % P u r ity  +
mg y ie ld ,  g *
97 720 ) 8.163 13 99.0
118 360 ) >99.5
156 240 4.332 6 >98 .0
157 93 5 ) 10.830 11 99.4
16 9 214 ) 98.0
189 749 9.888 8 >98.0
* assumes 100% conversion  of c h lo r in a te d  a n i l in e  to  PCB 
+ c a lc u la te d  frcm th e  gas chromatograms, assuming equal 
response f a c to r s  fo r  a l l  peaks.
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3 .2 PCB 156
M elting  P o in t . 124.1 to  124 .9°C a t  0 .3°C  m in-^ . No pub lished  value  
was a v a i la b le  fo r  com parison.
Pro ton  NMR. There i s  good agreem ent between th e  p ro ton  NMR r e s u l t s  
fo r  PCB 156 (F ig u re  3 .1 )  and p u b lish ed  data  (1 2 5 ,1 3 8 ). Sane very  
weak im purity  s ig n a ls  were p re sen t in  th e  re g io n  between S = 0.94 
and & =3.70 ppm. These a re  l ik e ly  to  be due to  re s id u a l  e thano l and 
p o ss ib ly  a h y d ro ca rb o n -lik e  m a te r ia l  which could have o r ig in a te d  in  
th e  s i l i c a  column or th e  HJLC colunn.
Mass S p e c tra n e try . The mass spec trun  o b ta ined  fo r  PCB 156 (F ig u re  
3 .2 )  shews th e  expected  m/z v a lu es , iso to p e  c lu s te r in g  and 
f ra g n e n ta tio n  p a tte rn s  t h a t  in d ic a te  a hexach io rob ipheny l (1 3 9 ) . The 
few very weak im purity  peaks p re sen t suggest s l ig h t  t r a c e s  of a 
hyd ro carb o n -lik e  compound, e th an o l, and p o ss ib ly  some 
hep t a chi or obi phenyl. The presence of a p h th a la te  p l a s t i c i s e r  was 
suggested  by a peak a t  m/z = 149.
C ap illa ry  GC. The chranatogram  ob ta in ed  fo r  PCB 156 shews a major 
peak a t  t  = 34.1 m inutes (peak h e ig h t 107.5 mm). Seme sm all 
im p u r itie s  were e lu te d  up to  t  = 3 .0 m inutes but none th e r e a f te r ,  
sug g estin g  th a t  no long  ch a in  hydrocarbon type of im p u ritie s  were 
p re se n t.
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Figure 3.2. 70 eV El Mass Spectrum of PCB 156
3 .3 PCB 157
M elting  P o in t . 150.5 to  151 .0°C a t  0 .5°C m in -^ . No pu b lish ed  value  
was a v a i la b le  fo r  comparison.
P ro ton  NMR. There i s  good agreem ent between th e  p ro ton  NMR r e s u l t s  
fo r  PCB 157 (F ig u re  3 .3 ) and p u b lish ed  d a ta  (1 2 5 ,1 3 8 ). Seme very  
weak im purity  s ig n a ls  were p re sen t which may be due to  e th an o l or a 
hydrocarbon chain  a lthough th e  in d ic a tio n s  w ere l e s s  c le a r  than  in  
th e  case of PCB 156 . An extrem ely  weak s ig n a l a t  £  =7.54 was due to  
th e  presence  of very  low le v e l s  of PCB 16 9.
Mass S p ec trcm etry . The mass sp ec tru n  o b ta in ed  fo r  PCB 157 (F ig u re  
3 .4 )  shews th e  expected m/z v a lu es , iso to p e  c lu s te r in g  and 
f ra g n e n ta t io n  p a tte rn s  t h a t  in d ic a te  a hexach io rob ipheny l (1 3 9 ) . No 
s ig n i f ic a n t  im purity  peaks w ere seen.
C ap illa ry  GC. The chromatogram ob ta ined  fo r  PCB 157 shows a m ajor 
peak a t  t  * 35.4 m inutes (peak h e ig h t 153.5mm). Seme sm all
im p u r itie s  were e lu te d  up to  t  = 3 .0 m inutes a f t e r  which one minor 
contam inant appeared a t  t  = 4 .7 m inutes (peak h e ig h t 1.5mm) and one 
tra c e  contam inant (PCB 169) a t  t  = 37.2 m inutes (peak h e ig h t l.Omro). 
Assuming equal response f a c to r s  and peak shapes fo r  th e  two isom ers, 
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Figure 3.3. Proton NMR Spectra of PCB 157
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Figure 3.4. 70 eV El Mass Spectrum of PCB 157
3 .4 PCB 16 9
M e l t i n g  P o i n t . 1 9 2 . 0  t o  193 . 0 ° C  a t  0 . 4 ° C  m i n - * .  P u b l i s h e d  v a l u e  20 1
t o  2 0 2 ° C  ( 1 4 0 )  .
Proton  NMR. There i s  good agreem ent between th e  p ro ton  NMR r e s u l t s  
fo r  PCB 16 9 (F ig u re  3 .5 ) and p u b lish e d  data (1 2 5 ,1 3 8 ). Sane im purity  
s ig n a ls  were p re sen t but in te r p r e ta t io n  was d i f f i c u l t  and In d ic a te d  
th e  p o s s ib le  presence of a hydrocarbon ch a in . Low le v e ls  of PCB 157 
were in d ic a te d .
Mass S pec trom etry . The mass spectrum  o b ta in ed  fo r  PCB 16 9 (F ig u re  
3 .6 )  shews th e  expected m/z v a lu e s , iso to p e  c lu s te r in g  and 
f r a g n e n ta tio n  p a tte rn s  t h a t  in d ic a te  a h ex ach io rob i phenyl (1 3 9 ). 
Severa l weak im purity  peaks w ere seen  in d ic a t in g  th e  presence of 
p h th a la te s  and hydrocarbon c h a in s .
C ap illa ry  GC. The chromatogram o b ta in ed  fo r  PCB 16 9 shows a m ajor 
peak a t  t  = 37.2 m inutes (peak h e ig h t 145.5mm). Minor im purity  peaks 
appeared up to  t  = 3 .0 m inutes and a sm all im purity  peak a t  20.7 
m inutes (peak h e ig h t 1.5mm). Sane PCB 157 was e lu te d  a t  35.4 m inutes 
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3 . 5  PCB 18 9
M e l t i n g  P o i n t . 1 5 1 . 0  t o  153 .0 ° C  a t  0 . 5 ° C  m i n - ^ .  P u b l i s h e d  v a l u e  1 6 2
t o  1 6 3 ° C  ( 1 4 1 ) .
Proton NMR. There i s  good agreem ent between th e  p ro ton  NMR r e s u l t s  
fo r  PCB 189 (F ig u re  3 .7 ) and p u b lish ed  d a ta  (1 2 5 ,1 3 8 ). Sane very  
weak im purity  s ig n a ls  were p re se n t in  th e  re g io n  between £ = 1 .0 5  
and £  =2.18 ppm. A m oderate s ig n a l appeared a t  £  =3.49 due to  
re s id u a l m ethanol. As w ith  th e  o th e r PCB congeners, th ese  weak 
im purity  s ig n a ls  may have been due to  some hydrocar b o n -lik e  
compound.
Mass S p e c tra n e try . The mass spectrum  o b ta in ed  fo r  PCB 189 (F ig u re  
3 .8 ) shews th e  expected m/z v a lu e s , iso to p e  c lu s te r in g  and 
fra g n e n ta tio n  p a tte rn s  t h a t  in d ic a te  a h ep tach lo ro b ip h en y l (1 3 9 ). 
The few very weak im purity  peaks p re se n t suggest s l ig h t  t ra c e s  of 
hydrocarbon chains and p h th a la te s .
C ap illa ry  GC. The chromatogram o b ta in ed  fo r  PCB 189 shows a major 
peak a t  t  = 3 8.6 m inutes, th e  h e ig h t of which exceeded th e  s c a le  of 
th e  re c o rd e r . R apidly e lu te d  im p u r it ie s  were a b se n t. A s e r ie s  of 
minor im purity  peaks appeared between t  = 21.5 and 36.9 m inutes. The 
absence of th e  ra p id ly  (up to  3 .0  m inutes) e lu te d  contam inants, 
p resen t in  a l l  th e  th re e  PCBs a lre ad y  d iscu ssed , may be due to  th e  
use of methanol in s te a d  of e thano l as th e  r e c r y s t a l l i s a t i o n  so lv e n t. 
The id e n t i t i e s  of th e  l a t e r  appearing  im p u r it ie s  were unknown.
84
Cl
2 ,3 ,3 ’ , 4 , 4 ’ ,5 ,5 ’-Heptachlorobipheny1
TT TT r T





 ....... . ■1 rW  M * *111
2S0
Figure 3.8. 70 eV El Mass Spectrum of PCB 189
3 .6 PCB 1 1 8
M e l t i n g  P o i n t . 1 0 6 . 0  t o  106  . 5 °C  a t  1 . 0 ° C m i n - ^ .  P u b l i s h e d  v a l u e  1 0 5
t o  1 0 7 ° C  ( 1 4 1 )  a n d  112 t o  1 1 3 ° C  ( 1 4 2 ) .
Proton  NMR. There i s  good agreem ent between th e  p ro ton  NMR r e s u l t s  
fo r  PCB 118 (F ig u re  3 .9 )  and p u b lish ed  d a ta  (1 2 5 ,1 3 8 ). Sane weak 
im p u rity  s ig n a ls  appeared  in  th e  reg io n  between ^  = 0.87 and ^  = 
3.50 ppm su g g estin g  th e  p resence of re s id u a l methanol and low le v e ls  
of a h y d ro ca rb o n -lik e  m a te r ia l .
Mass S p ec trcm etry . The mass sp ec tru n  o b ta in ed  fo r  PCB 118 (F ig u re  
3 .10 ) shews th e  expected  m/z v a lu es , iso to p e  c lu s te r in g  and 
f ra g n e n ta t io n  p a tte rn s  t h a t  in d ic a te  a pen tach io ro b ip h en y l (1 3 9 ). 
Sane weak peaks were seen  in d ic a t in g  p h th a la te  and hydrocarbon chain  
im p u r it ie s .  A c lu s te r  of peaks appeared between m/z = 3 92 and 3 98 
and a p a i r  of peaks a t  m /z = 36 0 and 362. These may have been due to  
t r a c e s  of h ep tach io ro b ip h en y ls  and hexach lo rob ipheny ls , which may 
have o r ig in a te d  frcm h ig h e r c h lo r in a te d  im p u r it ie s  in  th e  o r ig in a l  
re a c ta n ts .
C ap illa ry  GC. The ch ran a to  gram o b ta in ed  fo r  PCB 118 shows a major 
peak a t  t  = 32.0 m inutes (peak h e ig h t 149.5mm). There were no 
ra p id ly  e lu te d  con tam inan ts v i s i b l e .  A few very  sm all peaks (none > 
1mm) appeared  between t  = 21.6 and 26.0 m inutes. The only
s ig n i f ic a n t  im purity  peak appeared  a t  44.8 m inutes (peak h e ig h t 
5mm) which may have been th e  h ep tach lo ro b ip h en y l seen in  th e  mass 
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Fijgure 3.10. 70 eV El Mass Spectrum of PCB 118
3 .7 PCB 97
M e l t i n g  P o i n t . 7 8 . 0  t o  7 9 . 0 ° C  a t  0 . 5 ° C  m i n - ^ . P u b l i s h e d  v a l u e  81 t o
8 2 °C  ( 1 4 1 )  a n d  8 1 . 5  t o  8 2 . 5 ° C  ( 1 4 2 ) .
P roton  NMR. There i s  good agreem ent between th e  p ro ton  NMR r e s u l t s  
fo r  PCB 97 (F ig u re  3 .11 ) and p u b lish ed  data  (1 3 8 ). A few weak 
im p u rity  peaks were p re s e n t, in d ic a tin g  a hydrocarbon ch a in  type of 
compound, and a tra c e  of re s id u a l  m ethanol.
Mass S p ec tro m etry . The mass spectrim  o b ta in ed  fo r  PCB 97 (F ig u re  
3 .12 ) shews th e  expected  m/z v a lu es , iso to p e  c lu s te r in g  and 
f ra g n e n ta t io n  p a tte rn s  t h a t  in d ic a te  a pen tach io ro b ip h en y l (143) 
w ith v e ry  weak hydrocarbon and p h th a la te  im purity  peaks.
C ap illa ry  GC. The chromatogram o b ta ined  fo r  PCB 97 shows a m ajor 
peak a t  t  = 28.3 m inutes, th e  peak h e ig h t of which exceeded th e  
s c a le  of th e  re c o rd e r . None of th e  very  e a r ly  peaks seen  in  some of 
th e  o th e r PCBs w ere p re s e n t. A s e r ie s  o f very  minor im purity  peaks 
appeared between t  = 18.8 and 26.8 m inutes. The la r g e s t  im purity
was e lu te d  a t  t  = 36.8 m inutes but was a ls o  very  minor.
3.8 D iscussion
The s y n th e t ic  methods used, to g e th e r w ith  th e  p ro ton  NMR and mass 
spectroscopy  r e s u l t s ,  confirm ed th e  Id e n t i ty  of each of th e  s ix  PCB 
congeners made. These r e s u l t s  and those  of th e  c a p i l la r y  GC work 
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Figure 3.12. 70 eV El Mass Spectrum of PCB 97
s tu d ie s ,  w ith th e  contam inants seen being  p re se n t a t  very  lew 
le v e l s .  A h y d rocarbon -like  im purity  was d e te c te d  in  a l l  congeners 
and cou ld  have o r ig in a te d  in  th e  s o lv e n ts  used o r in  th e  HILC 
column. The p h th a la te  im purity  f re q u e n tly  seen  may a lso  have 
o r ig in a te d  frcm the  s o lv e n ts . T races of th e  r e c r y s t a l l i s a t i o n  
so lv en t were commonly seen . Where e thano l had been used a s  th e  
r e c r y s t a l l i s a t i o n  so lv en t, some very  sm all GC peaks appeared  e a r ly .  
These e a r ly  peaks must have o r ig in a te d  in  th e  e th an o l, s in ce  they
were ab sen t in  PCBs 189, 118 and 97 fo r each of which m ethanol was
used a s  th e  r e c r y s t a l l l s a t l o n  so lv e n t . Although th e  o ff -w h ite  f i n a l  
co lour of PCB 97 suggested  th a t  some co loured  pigm ent may have s t i l l  
rem ained, th e  la r g e s t  im purity  peak seen  on th e  gas chromatogram was 
very  sm all compared to  t h a t  of PCB 97 i t s e l f .
PCB 157 was contam inated w ith  a very  sm all amount (about 0.6% of
to t a l  PCB 157-1-169 p re sen t)  of PCB 169, which i s  re p o r te d  to  be
co n sid e rab ly  more p o ten t b io lo g ic a l ly  on a w eigh t fo r  w eigh t 
b a s is  th an  PCB 157. The p o s s ib le  to x ic o lo g ic a l s ig n if ic a n c e  of th i s  
i s  d iscu ssed  in  chap ter 5 .
PCB 118 con tained  t r a c e s  of a h ep tach io ro b ip h en y l and p o ss ib ly  a 
hexa chi or obi phenyl. Although they were p re sen t a t  lew le v e ls  ( th e  
la r g e s t  peak being  about 3.3% of th e  peak hei<£it of PCB 118 
i t s e l f )  t h e i r  s t ru c tu re s  were unknown and t h e i r  l ik e ly  b io lo g ic a l 
e f f e c t s  can only  be surm ised. This p o in t i s  a ls o  d iscu ssed  f u r th e r  
in  chap ter 5 .
The presence of these lew le v e ls  o f Im p u ritie s  was r e f le c te d  in  th e
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general tre n d  fo r  th e  m eltin g  p o in ts  to  be dep ressed  when compared 
to  p u b lish ed  v a lu e s . This d ep ress io n  was n o t th ough t to  be due to  
re s id u a l  so lv e n t, s in ce  fu r th e r  d ry ing  d id  n o t a l t e r  th e  m e ltin g  
p o in ts .
F u rth e r assu rance  about th e  I d e n t i t i e s  o f th e  PCB congeners can be 
ob ta in ed  by co n s id e rin g  t h e i r  GC r e te n t io n  tim es  which a re  shown in  
ta b le  3 .2 . The r e s u l t s  shew th a t  th e  o rd er In  which th e  congeners 
were e lu te d  f ra n  th e  colunn was r e l a t e d  to  t h e i r  le v e l  of 
c h lo r in a t io n , w ith th e  two p en tach lo ro b lp h en y ls  (PCBs 97 and 118) 
e lu t in g  f i r s t  and th e  hep t a chi or obi phenyl (PCB 189) l a s t .  This tre n d  
has been observed  by o th er w orkers (1 2 5 ).
Table 3 .2 . GC re te n t io n  tim es of th e  PCB congeners





16 9 6 37 .2
189 7 38.6
The procedure developed In  t h i s  study  fo r th e  p u r i f ic a t io n  o f th e  
PCB congeners d e p a r ts  frcm p rev io u s ly  re p o rte d  methods (125,144) by
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using  p re p a ra t iv e  HHiC in s te a d  of p re p a ra t iv e  TLC. The l a t t e r  has 
been th e  method commonly used fo r  PCB congener p u r i f ic a t io n  p r io r  to  
animal s tu d ie s  (103 ,1 4 5 ,1 4 6 ). P u r i f ic a t io n  by HPLC was found to  be 
convenient and q u ick  and a s  such re p re se n ts  an improvement in  th e  
c lean -u p  p ro c e ss . A r e p o r t  of th i s  work was p u b lish ed  in  th e  
Jo u rn a l of Chranatography, 368, 174-179 (1986).
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CHAPTER POOR
PCS EFFECTS IN HIPS AFTER DIFFERENT MATERNAL DOSING 
REGIMENS: RESULTS AND DISCUSSION
T his s tudy  examined th e  e f f e c t s  of v a ry in g  th e  tim ing  of 
a d m in is tra tio n  of PCBs (b e fo re  m ating , du ring  g e s ta t io n  o r du ring  
la c t a t io n )  to  dams on th e  subsequent appearance of PCS r e la te d  
e f f e c t s  in  t h e i r  o f f s p r in g . Measurements were made of l i t t e r  s iz e  
and w eigh t, pup w eigh t and pup su rv iv ed . In  21-day o ld  pups 
measurements were made of l i v e r  w eigh t, l i v e r  microsomal p ro te in  
c o n c e n tra tio n , and th e  a c t i v i t i e s  of a n i l in e  hydroxylase and 
am inopyrine-N -dem ethylase in  l i v e r  m icrosam es. For each param eter 
m easured th e  unpaired  s tu d e n t 's  t - t e s t  was used a t  th e  5% 
confidence le v e l  to  d e te c t  any d if fe re n c e s  due to  PCS trea tm en t 
compared to  th e  c o n tro ls  used in  th e  same dosing  regim en. The 
r e s u l t s  a r e  p re sen ted  and d iscu ssed  belcw.
4 .1 L i t t e r  S ize
Table 4 .1  shews th e  e f f e c t  of AROCLOR 1254 on l i t t e r  s iz e  a t  b i r t h .  
No e f f e c t  on t h i s  param eter was observed in  any of th e  dosing  
regim ens used. Dosing d u rin g  l a c t a t i o n  could n o t of course a f f e c t  
l i t t e r s  a t  b i r t h .
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T a b l e  4 . 1 .  T h e  e f f e c t  o f  AROCLOR 1 2 5 4  o n  l i t t e r  s i z e  a t  b i r t h
Dosing Treatm ent Nunbers Of Pups
Regimen Males Females T o ta l
B efore C on tro ls 7 .3+2 .5 5 .0+2 .4 12 .3+1.5
m ating AROCLOR 7 .8+2 .8 5 .4+2 .6 13 .2+0 .8
(5) (5) (5)
During C ontro ls 6 .0+1.6 6 .5+1.3 12 .5+0 .6
g e s ta t io n AROCLOR 7 .5+1.3 5.8+1.7 13 .3+2.1
During C on tro ls 6 .0+2 .4 6 .8+1.5 12.8+2 .5
la c ta t io n AROCLOR 5.8+2 .2 6 .3+1.3 12.0+2 .0
V alues re p re se n t mean of 4 litte rs+ ^ sd , except where shewn 
o therw ise  In  b ra c k e ts
4 .2 L i t t e r  Weight
T o tal l i t t e r  w eigh t r e s u l t s  a re  shewn In  ta b le  4 .2 .  G enera lly , 
AROCLOR 1254 had no s ig n i f ic a n t  e f f e c t  on t o t a l  l i t t e r  w eigh t a t  
b i r th  or a t  21 days, and no e f f e c t  on th e  l i t t e r  w eight In c rease  
over t h i s  p e rio d . The ex cep tio n  to  t h i s  was a s ig n i f ic a n t ly  h eav ie r 
(p<0.05) l i t t e r  w eight a t  b i r th  when dams were dosed befo re  m ating . 
This d if fe re n c e  had d isap p eared  by 21 days postpartixn .
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T a b l e  4 . 2 . T h e  e f f e c t  o f  AROCLOR 1 2 5 4  o n  t o t a l  l i t t e r  w e i g h t s
Dosing Treatm ent T o ta l L i t t e r  W t.(g) L i t t e r  W t.Gain
Regimen B irth 21 Days (g) 0-21 Days
B efore C ontro ls 74.0+7 .7 566 .2+41.6 492 .2+3 5.9
m ating AROCLOR 83 .3+3 .3* 574.1+53 .4 490 .8+52.1
(5) (5) (5)
During C o n tro ls 71.5+4 .2 499.5+11.4 428.1+12.7
g e s ta tio n  AROCLOR 77 .6+11.0 563.1+80 .7 485.5+6 9.9
During C on tro ls 70.4+12.5 447 .8+67 .2 377 .4+55.5
la c ta t io n AROCLOR 67 .2+5 .7 416 .5+94 .6 349.3+95.3
Values re p re se n t mean of 4 litte rs+ _ sd , except where shewn 
o therw ise  In  b ra c k e ts
* V alues s ig n i f ic a n t ly  d i f f e r e n t  f r a n  c o n tro ls  (p<0.05)
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4 .3 P u p  W e i g h t
PCB trea tm en t had no e f f e c t  on th e  mean w eigh t of male or fem ale 
pups a t  b i r th  ( ta b le  4 .3 )  o r a t  weaning ( ta b le  4 . 4 ) .
Table 4 .3 . The e f f e c t  of AROCLOR 1254 on mean pup w eigh t 
per l i t t e r  a t  b i r t h .
Dosing Treatm ent Mean Wei gh t of Neonates (g)
Regimen Males Females
Before C ontro ls 6.34+0.17 5.91+0.4 9
m ating AROCLOR 6 .43+0 .21 6.16+0 .31
(5) (5)
During C ontro ls 5 .85+0 .33 5.63+0.4 0
g e s ta t io n AROCLOR 6 .07+0 .13 5 .61+0 .3 9
Values re p re se n t mean of 4 litte rs+ ^ sd  excep t where 
shown o therw ise  in  b ra c k e ts
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Table 4 .4 . The e f f e c t  of AROCLOR 1254 on mean pup w eight
per l i t t e r  a t age 21 days.
Dosing Treatm ent Mean W eight of Pups (g)
Regimen Males Females
B efore C on tro ls 49.1+1.7 47 .5+1.0
m ating AROCLOR 43 .9+5 .1 43 .4+4 .0
(5) (5)
During C o n tro ls 41.7+3 .4 3 8.6+1.5
g e s ta t io n AROCLOR 43 .9+1.7 41.1+3 .5
During C o n tro ls 38.4+3 .2 37 .1+1.6
l a c t a t io n AROCLOR 42 .2+5 .5 40 .7+6 .5
V alues re p re se n t mean of 4 litte rs+ ^ sd  ex cep t where 
shewn o therw ise  In  b ra c k e ts
4 .4 Pup S u rv iv a l
The su rv iv a l r a te  of pups between b i r th  and w eaning (95-98% In 
co n tro l groups) was unchanged by PCB trea tm en t In  a l l  th re e  dosing 
regim ens.
4 .5 Organ W eights
Tables 4 .5  and 4.6 shew th e  e f f e c t s  of AROCLOR 1254 on th e
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l iv e r  :body w eight r a t i o  and th e  a b so lu te  l i v e r  w e ig h t, re s p e c tiv e ly , 
in  21-day o ld  pups. The r a t i o  was s ig n i f ic a n t ly  in c re ase d  (p<0.05) 
by AROCLOR 1254 trea tm en t in  a l l  groups. A bsolute l i v e r  w eigh t was 
s ig n i f ic a n t ly  in c reased  (p<0.001) when dams w ere dosed du rin g  
g e s ta t io n  o r l a c ta t io n ,  but th e  In c rease  seen  w ith  dosing  b e fo re  
m ating was n o t s ig n if ic a n t  in  e i th e r  sex.
Table 4 .5 . The e f fe c t  of AROCLOR 1254 on l i v e r  sbody w eight 
r a t i o  in  21-day o ld  r a t  pups.
Dosing Treatm ent L iver : Body Weight R a tio
Regimen Males Females
B efore C ontro ls 0 .037+0 .002 0.036+0 .002
m ating AROCLOR 0 .042+0 .006* 0.043+0 .007*
(10) (10)
During C o n tro ls 0 .035+0 .002 0 .033+0 .002
g e s ta t io n AROCLOR 0.045+0 .004** 0.045+0 .004**
During C o n tro ls 0 .033+0 .003 0.034+0 .002
la c ta t io n AROCLOR 0 .049+0 .008** 0.047+0 .007**
Values re p re se n t mean of 8 ra ts+ sd , except where shown 
o therw ise  in  b ra c k e ts
V alues s ig n i f ic a n t ly  d i f f e r e n t  from c o n tro ls :
* p<0 .05 ; ** p<0.001.
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Table 4 .6 . The e f f e c t  of AROCLOR 1254 on a b so lu te  l i v e r  
w eigh t in  21-day o ld  r a t  pups.
Dosing Treatm ent A bsolute L iv er W eight (g)
Regimen Males Females
B efore C ontro ls 1.89+0.15 1.72+0 .11
m ating AROCLOR 1.94+0.20 1.82+0 .22
(10) (10)
C ontro ls 1.52+0 .2? 1.30+0.18
During (9) (9)
g e s ta t io n AROCLOR 2 .0 8+0.15* 1.99+0 .18*
During C on tro ls 1.3 0+0 .18 1 .2  9+0 .08
la c ta t io n AROCLOR 2 .14+0 .28* 1.95+0 .29*
V alues re p re se n t mean of 8 rats+_sd, except where shewn 
o therw ise  in  b ra c k e ts
* V alues s ig n i f ic a n t ly  d i f f e r e n t  from c o n tro ls  (p<0.001)
In  21-day o ld  r a t  pups th e  w eigh ts  of th e  thymus g land , sp leen  and 
both kidneys (exp ressed  a s  th e  organ w eightibody w eight r a t i o )  were 
found to  be u n a ffec ted  by PCB trea tm en t g iven b e fo re  m ating  or 
d u ring  l a c t a t io n .  H eart w eigh t in  male o f f s p r in g  was decreased  
(p<0.05) by PCBs given b e fo re  m ating  b u t no t in  fem ales, and no 
d if fe re n c e  was found when dosing  was c a r r ie d  o u t du ring  l a c t a t io n .  
No organ w eigh ts  were reco rd ed  fo r  r a t s  dosed during  g e s ta t io n .
102
4 .6 L i v e r  M ic r o s o m e  P r o t e i n  C o n c e n t r a t i o n
Table 4 .7  shews th e  mean l iv e r  microsome p ro te in  le v e l s  in  21-day 
o ld  r a t s .  These w ere s ig n i f ic a n t ly  in c re ase d  (p<0.02) in  a l l  
groups, in d ic a t in g  t h a t  p ro te in  sy n th e s is  had o ccu rred .
Table 4 .7 . The e f f e c t  of AROCLOR 1254 on l i v e r  microsome 
p ro te in  c o n ce n tra tio n  in  21-day o ld  r a t  pups.
Dosing Treatm ent mg p ro te in /g  l i v e r  w et w eigh t
Regimen Males Females
C on tro ls 17 .0+3 .0 19.1+4 .5
B efore (7)




C ontro ls 16 .1+2 .5 15 .6+4 .1
D uring (7)
g e s ta t io n AROCLOR 27 .8+2 .5** 28.1+3 .0**
During C ontro ls 15.7+3 .9 16 .6+3 .8
la c ta t io n AROCLOR 25.3+3 .4** 29.2+4 .3**
Values re p re se n t mean o f 8 ra ts+ sd , excep t where shown 
o th erw ise  in  b rack e ts
V alues s ig n i f ic a n t ly  d i f f e r e n t  f ra n  c o n tro ls :
* p<0 .02; ** p<0.001.
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4 .7 A n i l i n e  H y d r o x y l a s e  A c t i v i t y
Table 4 .8  shews th e  a c t i v i t y  of a n i l in e  hydroxylase  in  21-day o ld  
pups. This was s ig n i f ic a n t ly  in c reased  (p<0.01) in  a l l  groups, 
su g g estin g  t h a t  In d u c tio n  o f both cy tochrane P-450- and P-448- 
dependent m e ta b o lic  pathways had o ccu rred .
Table 4 .8 . The e f f e c t  of AROCLOR 1254 on microsome a n i l in e  
hydroxylase  a c t i v i t y  in  21-day o ld  r a t  pups.
Dosing Treatm ent nmol PAP/mg p ro te in /m in u te
Regimen Males Females
B efore C ontro ls 0.46+0.09 0 .4 8+0 .03
m ating AROCLOR 0 .72+0 .10** 0.67+0 .09**
(10) (10)
C on tro ls 0.51+0 .0 9 0 .50+0 .14
During (7)
g e s ta t io n AROCLOR 0 .71+0 .0 9** 0.77+0 .12**
During C ontro ls 0 .5 9+0 .10 0.56+0 .15
la c t a t io n AROCLOR 0 .85+0 .11** 0.7 8+0.13*
V alues re p re se n t mean o f 8 ra ts+ sd , except where shewn 
o th erw ise  in  b rack e ts
V alues s ig n i f ic a n t ly  d i f f e r e n t  frcm c o n tro ls :
* p<0.01? ** p<0.001.
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4 .0 A m i n o p y r i n e - N - D e m e t h y l a s e  A c t i v i t y
Table 4 .9 shews th e  a c t i v i t y  of arainopyrine-N -dem ethylase In  21-day 
o ld  pups. This was s ig n i f ic a n t ly  In c reased  (p<0.001) In  both sexes 
In  a l l  th re e  dosing regim ens, su g g es tin g  t h a t  In d u c tio n  of 
cytochrome P-450- dependent m e tab o lic  pathways had o ccu rred .
Table 4 .9 . E ffe c t of AROCLOR 1254 on microsome aminopyrine< 
H-demethylase a c t i v i t y  in  21-day o ld  r a t  pups.
Dosing Treatm ent nmol HCHO/mg p ro te in /m in u te
Regimen Males Females
B efore C ontro ls 0.67+0.31 0.61+0 .0 9




C ontro ls 0 .60+0 .35 0 .95+0 .42
During (7)
g e s ta t io n AROCLOR 2 .72+0 .44* 3 .07+0 .42*
During C ontro ls 1.0 8+0 .2 8 0 .82+0 .50
la c t a t io n AROCLOR 2 .80+0 .68* 2.63+0 .6 4*
V alues re p re se n t mean o f 8 ra ts+ sd , excep t where shewn 
o therw ise  in  b rack e ts
* V alues s ig n if ic a n t ly  d i f f e r e n t  f ra n  c o n tro ls  (p<0.001)
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4 . 9  D i s c u s s i o n
AROCLOR 1254 caused no s ig n i f ic a n t  changes (p<0.05) in  l i t t e r  s iz e ,  
l i t t e r  w eight a t  b ir th  and 21 days, mean pup w eigh t a t  21 days, pup 
su rv iv a l r a te  or organ:body w eight r a t i o s  (o th e r  th an  f o r  l i v e r ) .  In  
c o n tra s t ,  th e  param eters of l i v e r  m icrosomal p ro te in , a n i l in e  
hydroxylase a c t i v i ty  and arainopyrine-N -dem ethylase a c t i v i t y  were a l l  
in c reased  by AROCLOR 1254 (p< 0 .001 ).
V illeneuve e t  a l .  (69) a ls o  observed  no changes in  l i t t e r  s iz e  or 
w eight a t  b ir th  when o ra l  doses of AROCLOR 1254 of up t o  100 
®g/k9/day were given to  pregnant W istar r a t s  frcm day 6 to  15 of 
g e s ta t io n , t t i i s  p rov ided  a much h ig h er t o t a l  PCB dose (1000 
mgKg-3’) th an  was used in  t h i s  study (180 mgKg-*) a lthough  t h i s  
h ig h e r dose was given over a sh o r te r  p e rio d  of tim e. However in  th e  
same study mean n eo n ata l w eigh t a t  b i r th  was found to  be 
s ig n if ic a n t ly  decreased  (p=0.05) by th e  100 mg/Kg/day dose. Spencer 
(66) fed  AROCLOR 1254 in  th e  d ie t  to  pregnant Holtzman r a t s  a ls o  
frcm day 6 to  15 of g e s ta t io n . He found th a t  a d ie ta ry  c o n c e n tra tio n  
of 300 ppm was needed to  cause a s ig n if ic a n t  re d u c tio n  in  f o e ta l  
su rv iv a l r a te  and a consequent re d u c tio n  in  l i t t e r  s iz e  a t  b i r th ,  
and t h a t  100 ppm or more in  th e  d ie t  caused a re d u c tio n  in  th e  mean 
n eonata l w eight a t  b i r th .  L inder e t  a l .  (48) re p o r te d  th a t  100 ppm 
of AROCLOR 1254 in  th e  d ie t  (e q u iv a le n t to  7.6 mg/Kg/day) of Sherman 
r a t s  over a p e riod  of 62 days p r io r  to  m ating caused a re d u c tio n  in  
l i t t e r  s iz e  a t  b i r th ,  whereas 20 ppm d id  n o t. They a lso  gave 
p regnant r a t s  100 mg/Kg/day AROCLOR 1254 o ra l ly  frcm days 7 to  15 of 
g e s ta tio n  and found no e f f e c t  on l i t t e r  s iz e  a t  b i r th .
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The la c k  o£ any e f f e c t  due to  AROCLOR 1254 on th e  mean pup w eigh t a t  
weaning observed  in  t h i s  study ag rees  w ith  th e  s tu d ie s  re p o r te d  by 
L inder e t  a l . ( 4 8 ) .  A s im ila r  o b se rv a tio n  was re p o r te d  by Curley e t  
a l .  (84) who gave pregnant Sherman r a t s  50 mg/Kg/day AROCLOR 1254 
o ra l ly  frcm day 7 to  15 of g e s ta t io n .  McCormack e t  a l .  (147) 
re p o rte d  t h a t  50 ppm AROCLOR 1254 in  th e  d ie t  of Sprague Dawley r a t s  
frcm day 8 of g e s ta t io n  u n t i l  14 days a f t e r  d e liv e ry  caused no 
s ig n if ic a n t  change in  th e  mean w eigh t of t h e i r  14-day o ld  pups. 
However AROCLOR 1254 has been re p o r te d  to  decrease  (p=0.0001) th e  
mean w eigh t of 4-week o ld  mouse pups (1 4 9 ) . The pups w ere suck led  by 
dams fe d  10 ppm of th e  PCBs in  t h e i r  d i e t  frcm  th e  s t a r t  of 
g e s ta tio n  onwards.
In  a d d itio n , Overmann e t  a l .(1 5 0 )  exposed fem ale  r a t s  to  AROCLOR 
1254 in  t h e i r  d ie t  co n tinuously  frcm m ating  u n t i l  weaning of th e i r  
pups. Pup b i r th  w eight and pregnancy su ccess  ( th e  nunber of 
Impregnated dams t h a t  d e liv e re d  a l i t t e r )  were decreased  by a 
d ie ta ry  PCB co n ce n tra tio n  o f 26 9 ppm but n o t by 26 ppm, a lthough  th e  
lower c o n c e n tra tio n  d id  reduce th e  r a t e  of pup growth b e fo re  
weaning. L i t t e r  s iz e  and sex  r a t i o  a t  b i r th  w ere u n a ffe c ted  by 
e i th e r  of th ese  d ie ta ry  c o n c e n tra tio n s .
AROCLOR 1254 had no e f f e c t  on pup s u rv iv a l r a t e  between b i r th  and 
weaning in  t h i s  s tudy . T his a g re e s  w ith  th e  s tu d ie s  by Curley e t  a l .  
and L inder e t  a l .  d esc rib ed  above a lthough  th e  l a t t e r  w orkers a lso  
found th a t  doubling  th e  dose to  100 mg/Kg/day d u ring  g e s ta t io n  
caused a marked decrease  in  pup s u r v iv a l .  However, th e  body w eigh ts 
of those th a t  d id  su rv iv e  w ere no t s ig n i f ic a n t ly  d i f f e r e n t  frcm
107
c o n tro ls .  In a b r ie f  communication K eplinger e t  a l .  (148) re p o r te d  a 
decrease  in  th e  su rv iv a l r a te  of pups r a is e d  by dams fe d  AROCLOR 
1254, but no experim ental d e ta i l s  were in c lu d ed .
G enera lly , th e  l i t e r a t u r e  in d ic a te s  t h a t  AROCLOR 1254 can reduce 
th e  param eters of l i t t e r  s iz e  and mean pup w eigh t a t  b i r th ,  and pup 
s u rv iv a l r a te  between b ir th  and w eaning. The body w eight of pups 
su rv iv in g  to  weaning appears to  be u n a ffe c te d . However th e  dosing 
regim ens t h a t  were used in  th e  v a rio u s  p u b lish ed  s tu d ie s  vary  
g re a t ly ,  making com parisons of th e  r e s u l t s  d i f f i c u l t .  F ac to rs  such 
as th e  d u ra tio n  and r a te  of PCB ado in i  s t r a t i  on to  dams appear to  
in flu en ce  th e  magnitude of th e  e f f e c t s  of a given dose in  t h e i r  
suck led  o f f s p r in g . I t  i s  th e re fo re  not p o s s ib le  to  d e fin e  a minimum 
dose of AROCLOR 1254 necessary  to  produce each of th e se  e f f e c t s .  In 
t h i s  study no e f f e c t s  on th e se  param eters w ere seen, except fo r  an 
in c re a se  in  t o t a l  l i t t e r  w eigh t a t  b i r th  when dams w ere dosed b efo re  
m ating . I t  can th e re fo re  be concluded th a t  th ese  param eters a re  not 
l ik e ly  to  be u se fu l in  th e  d e te c tio n  of PCB e f f e c t s  in  t h i s  type of 
s tudy , u n less  th e  t o t a l  dose i s  in c re a se d  o r a more to x ic  PCB is  
used. However, as th e  d a ta  a re  e a s i ly  o b ta in ed  i t  would be w ise to  
m onitor th ese  param eters, and t h i s  was done in  th e  subsequent work 
u sin g  s in g le  PCB congeners which a re  re p o rte d  in  ch ap te r f iv e .
Organ w eigh ts  o th e r than  l i v e r  were m ainly u n a ffe c ted  by PCB 
trea tm en t in  t h i s  s tudy . A lo s s  in  th e  w eigh t of th e  thymus gland 
and kidneys and an in c rease  in  h e a r t  w eight a re  co n sidered  to  be 
ty p ic a l  e f f e c t s  of PCBs and r e la te d  compounds (McConnell, 15 1 ). 
Spleen w eight i s  g en e ra lly  in c reased  by lew doses and decreased  by
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h igher doses. Parkinson e t  a l .  (152) re p o r te d  a s ig n i f ic a n t  decrease  
in  thymus :body w eight r a t i o  in  th ree-w eek  o ld  m ale Long Evans r a t s  
k i l le d  fo u r days a f t e r  a s in g le  i . p .  dose of AROCLOR 1254 1 .5
mmoiKg-1 (asslin ing  an average m o lecu lar w e ig h t of 3 2 6 ).
A s ig n i f ic a n t  in c re a se  in  th e  l i v e r  :body w eight r a t i o  (p<0.05) was 
observed  in  th e  p re sen t study ( t a b l e  4 .5 ) in  a l l  trea tm en t groups. 
L iver :body weight r a t i o  was a more s e n s i t iv e  In d ic a to r  of PCB 
e f f e c t s  in  pups th an  th e  o th e r  organ:body w eight r a t i o s  m easured. I t  
i s  in t e r e s t in g  t h a t  w h ile  no change in  a b so lu te  l i v e r  w eigh t was 
seen  in  pups frcm dams dosed b e fo re  m ating , a h ig h ly  s ig n i f ic a n t  
in c re a se  (p<0.001) was seen  in  th e  o th e r two dosing  regim ens in  both 
sexes. The l iv e r :b o d y  w eight r a t i o  was a ls o  in c re a se d  in  th e  study 
re p o rte d  by Parkinson e t  a l .(1 5 2 )  a lread y  d e sc rib e d . This e f f e c t  h as 
been observed  by nunerous o th e r  w orkers u s in g  AROCLOR 1254 in  r a t s  
dosed d i r e c t ly  (153 ,154,155) .
In c re a se s  in  microsome p ro te in  c o n c e n tra tio n  and a n i l in e  hydroxylase  
a c t i v i t y  were seen in  t h i s  study  (p<0.001) and have a lso  been 
re p o rte d  in  r a t s  dosed d i r e c t ly  w ith AROCLOR 1254 25 mgKg-^day-1 
o ra l ly  fo r  s ix  days (154) and in  r a t s  fe d  AROCLOR 1254 10 ppm in  
t h e i r  d ie t  fo r  12 weeks (1 5 6 ) . In c re a se s  in  am inopyrine dem ethylase 
were seen  in  t h i s  study (p<0.001) and have a ls o  been re p o rte d  in  
r a t s  dosed d i r e c t ly  w ith AROCLOR 1254 50 mgKg-^day-1 i .p .  fo r  3 days 
(122) and in  r a t s  fe d  AROCLOR 1254 5ppn in  t h e i r  d ie t  fo r  35 days 
(1 5 7 ). As d iscu ssed  in  ch ap te r one, th e  use of th ese  two enzymes 
should allow  d is t in c t io n  between pure  MC-type enzyme in d u cers  on th e  
one hand and m ixed- or IB -type in d u c e rs  on th e  o th e r . In  t h i s  s tudy ,
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th e  in d u c tio n  of both of these  enzymes a g re e s  w ith  p u b lished  re p o r ts  
t h a t  have confirm ed AROCLOR 1254 as a m ixed-type enzyme inducer 
(1 2 2 ), in c re a s in g  th e  a c t i v i t i e s  o f enzymes dependent on both 
cytochrom es P-450 and P-448.
The param eters of l i v e r  sbody w eight r a t i o ,  microsome p ro te in  
c o n c e n tra tio n  and th e  a c t i v i t i e s  of a n i l in e  hydroxylase  and
am inopyrine-N -dem ethylase were th e  most s e n s i t iv e  in d ic a to r s  o f PCB 
e f f e c t s  used in  t h i s  s tu d y . The e f f e c t s  of AROCLOR 1254 on th e se  
param eters  a re  summarised in  ta b le  4 .1 0 . A n o tic e a b le  f e a tu r e  i s  th e  
s im i la r i ty  between th e  r e s u l t s  fo r  m ale and fem ale r a t s .  There i s  no 
in d ic a t io n  h e re  of any d if fe re n c e  in  s e n s i t i v i t y  between th e  sexes 
to  th e  e f f e c t s  of AROCLOR 1254 a lthough  sex d if fe re n c e s  in  th e  
e f f e c t  of Inducers on h e p a tic  m icrosom al enzymes have been re p o rte d  
(1 6 0 ,1 6 1 ).
Table 4 .10 shows th a t  th e  param eters  of l i v e r  sbody w eight r a t i o ,  
microsome p ro te in  c o n c e n tra tio n  and a n i l in e  hydroxylase a c t i v i ty  
were a l l  Increased  to  approxim ately  equal e x te n ts . This d i f f e r s  
from th e  co nclusions of Baker e t  a l .  (158) who fe d  W istar dams
AROCLOR 1254 70 ppm in  t h e i r  d rin k in g  w ater con tinuously  fo r
sev e ra l weeks s t a r t i n g  b e fo re  m ating . They re p o rte d  an in c re a se  in  
th e  a c t i v i t y  of l i v e r  a n i l in e  hydroxylase  I n  th e  20 day o ld  pups of 
th ese  dams, but no In c re a se s  w ere found in  l i v e r  w eigh t or microsome 
p ro te in , su g g estin g  th a t  a n i l in e  hyd roxy lase  a c t i v i t y  i s  a more
s e n s i t iv e  in d ic a to r  of PCB e f f e c t s .  Hcwever, th e  exact experim ental 
p ro to co l i s  n o t c le a r ly  d e sc rib e d  and r a i s e s  doubts over th e
d u ra tio n  of dosing  and th e  t o t a l  dose re c e iv e d .
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Table 4 .1 0 . Sunmary of changes In  l i v e r  param eters in  21-day 
o ld  pups due to  a d n in is t r a t io n  of AROCLOR 1254 
to  dams using  th re e  d i f f e r e n t  dosing  regim ens
Param eter B efore
M ating
During During 
G e sta tio n  L a c ta tio n
Males
L iver:body w eight r a t i o 114 * 129 148
A bsolute l i v e r  w eight 102 NS 137 165
Microsomal p ro te in 148 173 161
A niline  hydroxylase 157 13 9 144
Am 1 nopy r  1 ne- N- dem ethy 1 ase 309 453 259
Females
L iver :body w eight r a t i o 119 * 136 13 8
A bsolute l i v e r  w eight 106 NS 153 151
Microsomal p ro te in 131 ** 180 176
A n ilin e  hydroxylase 140 154 139 ***
Am 1 nopy r  i  ne-N-dem ethy  1 a se 359 323 321
Values a re  p e rcen tag es  o f th e  co n tro l v a lu es  measured In  
th e  same dosing  regim en. A ll v a lu es  a re  s ig n if ic a n t ly  
g re a te r  th an  c o n tro ls  (p<0.001) excep t f o r :  * p<0.05;
** p<0.02; *** p<0.01; NS not s ig n i f ic a n t .
None of th e  th re e  dosing  regim ens gave c o n s is te n tly  g re a te r  
d if f e re n c e s  th a n  e i th e r  of th e  o th e rs  although  th e re  was a tendency
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fo r  dosing  b e fo re  m ating  to  cause lower in c re a s e s . The s iz e  of th e  
dose given  may however be im p o rtan t in  th e  in te r p r e ta t io n  of th ese  
r e s u l t s .  I f  th e  tendency fo r  PCB e f f e c t s  t o  appear d i f f e r s  on ly  
s l ig h t ly  depending on th e  tim in g  o f dosing , th en  perhaps on ly  w ith  
sm all doses ( j u s t  above th e  n o -e f fe c t  le v e l )  w i l l  th ese  d if fe re n c e s  
be d e te c te d . I f  so, a sm aller dose of AROCLOR 1254 would have been 
a p p ro p r ia te  in  t h i s  s tu d y .
A comparison of a l l  th e  pa ram ete rs  m easured in  t h i s  study shews 
th a t  by f a r  th e  g re a te s t  pe rcen tag e  in c re a se  o ccu rred  in  th e  case of 
am inopyrine-N -dem ethylase a c t i v i t y .  Narbonne (159) concluded th a t  
th e  a c t i v i t y  of t h i s  enzyme was a more s e n s i t iv e  index  of PCB 
e f f e c t s  th an  a n i l in e  hydroxy lase  a c t i v i t y ,  microsome p ro te in  
c o n ce n tra tio n , cytochrcme P-450 c o n c e n tra tio n  and cy toch rane  b^ 
c o n c e n tra tio n .
In o rd er to  m ean ing fu lly  compare th e  e f f e c t s  o f d i f f e r e n t  m aternal 
tre a tm e n ts  on th e  suck led  pups, th e  pups shou ld  be te s te d  a t  th e  
tim e when th e  PCB e f f e c t s  a r e  maximal. The tlm e-co u rse  of in d u c tio n  
i s  th e re fo re  im p o rtan t. The changes in  enzyme a c t i v i ty  du ring  
continuous exposure to  PCBs in  th e  d ie t  have been measured in  a d u lt  
(162) and w eanling  (159) r a t s .  Other w orkers have compared young 
w ith  o ld  a d u l ts  (1 6 1 ,1 6 3 ). However none of th ese  s tu d ie s  ta k e s  
account of th e  changes in  th e  m atu ring  enzyme system s t h a t  occur 
between b i r th  and weaning. Macleod e t  a l .  (164) observed  changes in  
th e  a c t i v i t i e s  of v a r io u s  l i v e r  microsomal enzymes in  r a t s  which had 
no t re c e iv e d  any drug tre a tm e n t. The a c t i v i t y  of aminopyrine 
dem ethylase in c re a se d  s te a d i ly  from b ir th  u n t i l  a d u lt  v a lu e s  were
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a t ta in e d  a t  age te n  weeks. A n ilin e  hydroxylase  a c t i v i t y  Increased  
frcm b ir th  u n t i l  a d u lt  v a lu e s  w ere a t ta in e d  a t  age f iv e  weeks, and 
cytochrcm e P-450 le v e ls  in c re a se d  frcm b ir th  to  age th re e  weeks by 
which tim e a d u l t  v a lu e s  had been a t ta in e d ,  n i l s  p a t te r n  was seen in  
both  sex es .
The e f f e c t  of inducers on l i v e r  enzymes was examined by C re s te il  e t  
a l . ( 1 6 0 ) .  They observed t h a t  both IB and MC had no e f f e c t  on a n i l in e  
hydroxylase  a c t i v i ty  in  f iv e -d a y  o ld  r a t s  and caused  in h ib i t io n  in  
15-day o ld  r a t s  and marked In d u c tio n  in  a d u l t s .  IB Induced 
benzphetam ine dem ethy la se  a c t i v i t y  in  f iv e  and 15-day o ld  r a t s  and 
in  a d u l ts ,  so t h a t  a c t i v i t y  in  th e  Induced an im als In c reased  
s te a d i ly  between b i r th  and adu lth o o d . MC in h ib i te d  benzphetamine 
dem ethylase in  15-day o ld  r a t s  but had no e f f e c t  a t  o th e r ages. 
Hcwever th e  dosing regim ens used in  t h i s  study  a re  no t c le a r ly  
in d ic a te d . Nunnink e t  a l .(1 6 5 )  re p o r te d  t h a t  AHH a c t i v i ty  in  l i v e r  
n u c le i ( r a th e r  than  m ic ro san e s ), fo llo w in g  a s in g le  dose of MC given 
24 hours b e fo re  sample p re p a ra t io n , in c reased  w ith  age u n t i l  age 3-4 
weeks and th en  d ec lin ed . C arlsted t-D uke e t  a l .(1 6 6 )  measured Ah 
re c e p to r  l e v e l s  in  r a t  l i v e r  c y to so l in  th e  absence of any drug 
tre a tm e n t, fran  anim als aged 0 , 7 ,  21, 42 and 56 days. The le v e l s  
shewed a peak a t  21 days and a d e c lin e  th e r e a f t e r .
Masuda e t  a l . ( 8 2 )  fed  seven d i f f e r e n t  PCB congeners to  mice a t  low 
c o n ce n tra tio n s  in  t h e i r  d i e t  (abou t 0.4 ppm) frcm days 1 to  18 of 
pregnancy and m easured whole body PCB le v e l s  du rin g  th e  l a c t a t io n  
p e rio d . The percen tage  of th e  t o t a l  dose which was t r a n s fe r r e d  to  
th e  su ck lin g  pups v a r ie d  g re a t ly  between d i f f e r e n t  congeners.
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However of those congeners which were t r a n s f e r r e d  to  any g re a t 
e x te n t ( e .g .  53% of a hexa chi or obi phenyl t r a n s fe r re d  by two weeks 
postpartum ) th e  amount t r a n s f e r r e d  reached a peak between 14 and 21 
days postpartum  and th e n  d ec lin ed  g rad u a lly  over a p e rio d  o f weeks.
The p reced ing  d is c u s s io n  only  a llow s an Inform ed guess a s  t o  th e  
tlm e-course  of in d u c tio n  t h a t  occurred  In  th e  p re se n t s tudy  w ith  
AROCLOR 1254. However, Vodlcnik e t  a l .(9 4 )  a d n in ls te r e d  a s in g le  
l . p .  dose of 2,2 ' ,4 ,4 ' ,5 ,5  hexa chi or obi phenyl 100 mgKg-1 to  mice 
two weeks b e fo re  m ating  and m easured enzyme a c t i v i t i e s  in  th e  
suckled  pups a t  5 , 10 , 15 and 20 days of age. At a l l  tim e p o in ts
ethoxycoum arin-O -deethylase (which responds to  In d u c tio n  by MC-type 
Inducers) and benzphetam ine-N -dem ethylase a c t i v i t i e s  and cy toch rane  
P-450 le v e ls  were r a i s e d ,  most of th e  In c re a se s  being  s t a t i s t i c a l l y  
s ig n if ic a n t  (p < 0 .0 5 ). The maximum v a lu es  fo r  a l l  th re e  param eters  
occurred  a t  age 20 days, and a l l  param eters in c re a se d  between 1 0 , 15 
and 20 days. I t  was th e re fo re  concluded th a t  in  th e  p re se n t study 
th e  maximal In d u c tiv e  e f f e c t s  o ccu rred  in  th e  pups a t  around 21 days 
of age, which was th e  tim e of roicrosotne p re p a ra t io n .
In t h i s  study , PCB e f f e c t s  were re a d i ly  d e te c te d  by measurements of 
ab so lu te  l i v e r  w eigh t, l iv e r :b o d y  w eight r a t i o ,  l i v e r  microsame 
p ro te in  c o n ce n tra tio n  and th e  a c t i v i t i e s  of a n i l in e  hydroxylase  and 
am inopyrine-N -dem ethylase in  l i v e r  m icroscm es. These param eters  w ere 
th e re fo re  used in  th e  c o n g en e r-sp e c if ic  s tu d ie s  re p o r te d  in  ch ap te r 
f iv e .  Since dosing b e fo re  m ating  appeared s l i g h t ly  l e s s  s u i ta b le  fo r  
d e te c tin g  PCB e f f e c t s  in  pups, and dosing d u rin g  l a c t a t i o n  p ro v ides 
th e  s h o r te s t  experim ental p ro to c o l, th e  l a t t e r  regim en was adopted
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fo r  subsequent s tu d ie s .  This choice a ls o  means t h a t  any problems 
th a t  a r i s e  d u ring  g e s ta t io n  o r p a r tu r i t io n  can be avoided  which i s  
an im portan t c o n s id e ra tio n  when a d n in is te r in g  sca rc e  PCB congeners.
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CHAPTER FIVE
PCB EFFECTS IN HIPS AFTER MATERNAL DOSING WITH 
DIFFERENT CONGENERS: RESULTS AND DISCUSSION
T his experim ent compared th e  e f f e c t s  of th e  d i f f e r e n t  PCB congeners 
in  th e  o f f s p r in g  of r a t s  dosed tw ice  a week d u rin g  l a c t a t i o n ,  and 
a lso  in  a second l i t t e r  born su bsequen tly  to  th e  same dams w ith o u t 
fu r th e r  dosing . Measurements w ere made of l i t t e r  s iz e  and w eigh t, 
pup weic£it and pup s u rv iv a l .  In  21-day o ld  pups, measurements were 
made of l i v e r  w eigh t, l iv e r  microsomal p ro te in  and cytochrcm e P-450 
c o n c e n tra tio n s , and th e  a c t i v i t i e s  o f a n i l in e  h y d r o ^ la s e  and 
am inopyrine-N -dem ethylase in  l i v e r  m lcrosom es. For each param eter 
measured, th e  unpaired  s tu d e n t 's  t - t e s t  was used a t  th e  5% 
confidence le v e l  to  d e te c t  any d if f e r e n c e s  due to  PCB trea tm en t 
compared to  c o n tro ls .  The t o t a l  dose given to  each dam was 0 .5 
mmolKg-^ except in  th e  case of PCB 16 9 fo r  which a dose of 0 .0  5 
romolKg-^ was used. The r e s u l t s  a r e  p re sen te d  and d iscu ssed  belcw .
5.1 L i t t e r  S ize
Table 5.1 shews th e  t o t a l  s iz e  of second l i t t e r s  a t  b i r t h .  F i r s t  
l i t t e r  s iz e s  a t  b i r th  could  n o t be a f fe c te d  by th e  PCB trea tm en t 
given a s  dosing occu rred  a f t e r  p a r tu r i t io n ,  and in  f a c t  no 
s ig n if ic a n t  d if fe re n c e s  from c o n tro ls  were seen . In  second l i t t e r s  
a t  b ir th  th e  nunbers of male pups in  th e  groups t r e a te d  w ith  PCBs 
157 and 16 9 were n o tic e ab ly  lower th an  c o n tro ls ,  although th e  
decrease was n o t s t a t i s t i c a l l y  s ig n i f ic a n t .  No s ig n i f ic a n t
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d i f f e r e n c e s  w e r e  s e e n  I n  t h e  n u m b e r s  o f  f e m a l e s  o r  i n  t o t a l  l i t t e r
s iz e .
Table 5 .1 . E f fe c ts  o f PCB congeners on s iz e  of second 
l i t t e r s  a t  b i r t h .
Sex Numbers of Pups
C ontro ls PCB 157 PCB 16 9 PCB 189 PCB 118 PCB 97
Males 5 .0 2.0 2.7 6 .8 5.8 6 .8
+2 .8 +1.0 +1.5 +2 .1 +1.7 +1.6
Females 4 .8 3 .7 4.7 6.0 6.3 7 .0
+2.3 +2 .1 +4 .7 +2 .8 +1.3 +2.1
Whole 9.8 5.7 7 .3 12.8 12.0 13 .8
L i t t e r +4 .8 +2 .5 +6 .1 +2 .9 +1.8 +1.5
n=5 n=3 n=3 n=4 n=4 n=5
Values r ep resen t mean of n 1 i t t e r s + sd
5 .2 L i t t e r  Weight
Tables 5 .2  and 5.3 show th e  t o t a l  w e ig h ts  o f f i r s t  l i t t e r s  21 days 
postpartum  and th e  w eight ga in  o f f i r s t  l i t t e r s  between b ir th  and 
age 21 days. In  f i r s t  l i t t e r s ,  no d if fe re n c e  in  mean l i t t e r  weic£it 
a t  b i r th  was found between c o n tro ls  and any of th e  PCB trea tm en t 
groups. Adn in i  s t r a t i  on of PCBs d u rin g  l a c t a t i o n  le d  to  s ig n if ic a n t ly
117
l i g h te r  f i r s t  l i t t e r  w eigh ts  21 days postpartum  only in  th e  case of 
PCBs 157 and 169.The w eight gain  over th e  same 21-day p e rio d  was 
s ig n i f ic a n t ly  le s s  th an  c o n tro ls  only  in  th e  case of PCBs 157 ( in  
both sexes) and 169 ( in  m ales o n ly ) .
Table 5 .2 . E f fe c ts  of PCB congeners on w e ig h ts  o f f i r s t  
l i t t e r s  21 days p o s tp a rtu n .
T o tal L i t t e r Weight (g)
C o n tro ls  PCB 157 PCB 169 PCB 189 PCB 118 PCB 97
484.8 313.2 314.5 405.2 451.4 4 89.2
+102.6 +83 .3 ** +114 .0 * +96.0 +36 .4 +6 9.2
(4)
V alues re p re se n t mean of 5 l i t t e r s + s d  excep t where
shewn o th erw ise  in  b ra c k e ts
V alues s ig n i f ic a n t ly  d i f f e r e n t  frcm c o n tro ls :
* p<0.05; ** p<0.02.
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T a b l e  5 . 3 . E f f e c t s  o f  PCB c o n g e n e r s  o n  2 1 - d a y  w e i g h t
g a i n  o f  f i r s t  l i t t e r s
Sex L i t t e r w eight gain (g)
C on tro ls  PCB 157 PCB 16 9 PCB 189 PCB 118 PCB 97
Males 198.2 113 .6 94.9 175.5 193 .6 210.5
+61.0 +47 .0* +48.7** +57 .0 +55.0 +24.8
Females 219.7 134.7 146 .1 168.3 184 .9 206 .0
+66 .6 +25.8* +64.0 +31.6 +85 .0 +57 .6
Whole 417 .9 248.2 241.0 343 .8 378.5 416 .5
L i t t e r +86 .2 +6 8.7*** +109.3* +83 .7 +33 .2 +6 8.3
(4)
Values re p re se n t mean of 5 l i t t e r s + s d  except where shewn 
o therw ise  in  b ra c k e ts
V alues s ig n if ic a n t ly  d i f f e r e n t  f ra n  c o n tro ls :
* p<0 .05 ; ** p<0 .02; *** p<0.01.
Tables 5.4 and 5.5 shew th e  t o t a l  w eigh ts  of second l i t t e r s  21 days 
postpartum  and th e  w eight gain  of second l i t t e r s  between b ir th  and 
age 21 days. In  second l i t t e r s  th e re  was ag a in  no d if fe re n c e  between 
c o n tro ls  and any of th e  PCB trea tm en t groups in  mean l i t t e r  w eight 
a t  b i r t h .  No d if fe re n c e s  were seen in  second l i t t e r  w eigh ts  a t  age 
21 days o r in  l i t t e r  w eight gains over th e  21-day p e rio d  fo llo w in g  
p a r tu r i t io n .
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T a b l e  5 .4 . E f f e c t s  o f  PCB c o n g e n e r s  o n  w e i g h t s  o f
s e c o n d  l i t t e r s  21  d a y s  p o s t p a r t u m .
T o tal L i t t e r Weight (g) *
C o n tro ls  PCB 157 PB 16 9 PCB 189 PCB 118 PCB 97
418.7 320.0 361.3 493 .7 470.2 522 .1
+167 .6 +129.0 +17 .2 +57 .8 +56 .5 +95.0
n=5 n=3 n=2 n= 4 n=4 n=5
Table 5 .5 .  E f fe c ts  o f PCB congeners on 21-day w eight 
g a in  o f second l i t t e r s
Sex L i t t e r w eigh t gain  (g) *
C o n tro ls PCB 157 PCB 169 PCB 189 PCB 118 PCB 97
Males 187 .0 102.5 13 9.2 235.4 197 .2 224.8
+93 .2 +60.7 +22 .9 +71.0 +37 .5 +73 .9
Females 170.6 17 8.4 162 .2 183 .1 203 .3 218.8
+72 .7 +81.2 +10.0 +62.3 +51.9 +47 .6
Whole 357 .6 280 .9 301.4 418.5 400.5 443 .5
L i t t e r +141.8 +111.8 +12 .9 +42 .7 +44 .4 +83 .3
n=5 n=3 n=2 n=4 n=4 n=5
* V alues re p re se n t mean of n l i t t e r s + s d
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5 .3 P u p  W e i g h t
Table 5 .6  shows th e  mean w eigh ts  of 21-day o ld  pups in  f i r s t  
l i t t e r s .  As expected  f i r s t  l i t t e r s  shewed no d if fe re n c e s  f r a n  
c o n tro ls  in  e i th e r  sex in  th e  mean b lr th w e ig h t of pups a s  dosing  
o ccu rred  a f t e r  p a r tu r i t io n .  At age 21 days th e  mean w eigh t of both 
male and fem ale  pups was s ig n i f ic a n t ly  lewer in  groups given  PCBs 
157 and 16 9.
Table 5 .6 . E f fe c ts  of PCB congeners on mean w eigh t 
of 21-day o ld  pups frcm f i r s t  l i t t e r s .
Sex Mean Pup Weight (g)
C o n tro ls PCB 157 PCB 169 PCB 189 PCB 118 PCB 97
Males 46.1 30.4 25.2 44.7 40 .5 43 .1
+4 .2 +4 .5 ** +7 .3 ** +4 .9 +6 .9 +5 .6
(4)
Females 45 .3 31.9 24.4 43 .7 38.6 38.7
+5 .8 +6 .4 * +7 .8 * +5 .7 +6 .4 +6 .4
(4)
Values re p re se n t mean of 5 l i t te r s j^ s d  excep t where shown 
o therw ise  in  b ra c k e ts
V alues s ig n i f ic a n t ly  d i f f e r e n t  f ra n  c o n tro ls :
* P C 0.01;  ** p < 0 . 0 0 1 .
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Tables 5 .7  and 5.8 shew th e  mean w eig h ts  o f newborn and 21-day o ld  
pups r e s p e c t iv e ly ,  in  second l i t t e r s .  N either of th ese  param eters  
was a f f e c te d  by PCB trea tm en t in  e i th e r  sex .
T able 5 .7 . E f fe c ts  of PCB congeners on mean w eight 
of newborn pups f ra n  second l i t t e r s .
Sex Mean Pup W eight (g>
C ontrol s PCB 157 PCB 169 PCB 189 PCB 118 PCB 97
Males 6.72 7 .24 5.95 6 .10 6 .02 5.86
+0 .85 +0 .27 +0.56 +0.37 +0 .7 8 +0 .2 9
Females 6.31 6 .6 8 5 .43 5.68 5.55 5.49
+0 .94 +0 .52 +1.12 +0 .47 +0 .87 +0 .31
n=5 n=3 n=3 n=4 n=4 n=5
Values re p re se n t mean of n l i t t e r s + s d
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T a b l e  5 . 8 . E f f e c t s  o f  PCB c o n g e n e r s  o n  m e a n  w e i g h t
o f  2 1 - d a y  o l d  p u p s  f r c m  s e c o n d  l i t t e r s .
Sex Mean Pup W eight (g)
C ontrol s PCB 157 PCB 16 9 PCB 189 PCB 118 PCB 97
Males 46 .4 57 .2 47 .5 41.3 41.2 38.5
+6 .2 +5 .7 +15.3 +5 .6 +4 .9 +4 .9
Females 44 .4 57 .2 40 .4 3 8.0 38.1 37 .4
+9 .4 +6 .0 +25.0 +8 .0 +5.7 +3 .0
n=5 n=3 n=2 n=4 n=4 n*5
V alues re p re se n t mean o f n l i t t e r s + s d  
5 .4 Pup S u rv iv a l
None of th e  PCB tre a tm e n ts  had any s ig n i f ic a n t  e f f e c t  on pup 
s u rv iv a l frcm b ir th  to  w eaning in  f i r s t  or second l i t t e r s .  Hie mean 
percen tage  of pups su rv iv in g  in  each l i t t e r  t r e a te d  w ith  PCB 16 9 was 
87.6+17.0 (a g a in s t  100% in  c o n tro ls )  fo r  f i r s t  l i t t e r s ,  and
59.7+52.7 (a g a in s t  95.8+9.4 in  c o n tro ls )  fo r  second l i t t e r s ,  but 
th e se  d if f e r e n c e s  w ere not s ig n i f ic a n t .  There were hcwever some 
s ig n s  o f a f e to to x lc  e f f e c t  du rin g  th e  second p reg n an c ie s . In  th e  
PCB 16 9 group, two out of th e  f iv e  dams ( a l l  of which had m ated 
su c c e s s fu lly  as in d ic a te d  by th e  presence of v a g in a l p lugs) ab o rte d  
t h e i r  l i t t e r s  du ring  pregnancy, w h ile  a t h i r d  dam produced on ly  two 
pups. In  th e  PCB 157 group one out of th e  fo u r dams ab o rted , the
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f i f t h  dam having  d ied  suddenly  du rin g  m ating .
5 .5 L iver Weight
Tables 5 .9  and 5.10 show th e  l i v e r  welghtzbody w eight r a t i o  in  
21-day o ld  pups in  f i r s t  and second l i t t e r s  r e s p e c t iv e ly .  In  f i r s t  
l i t t e r s  t h i s  r a t i o  was s ig n i f ic a n t ly  in c reased  (p<0.05) over 
c o n tro ls  in  a l l  groups excep t PCB 97 . The In c re a se  was g re a te s t  fo r  
PCB 157. In  second l i t t e r s ,  a s ig n i f ic a n t  in c re a se  over c o n tro ls  was 
seen  only  fo r  PCBs 157 and 169, in  both sex es .
Table 5 .9 . E f fe c ts  o f PCB congeners on l i v e r  :body w eight 
r a t i o  in  21-day o ld  pups f r a n  f i r s t  l i t t e r s .
Sex L iver w e ig h t : Body w eight 
C on tro ls PCB 157 PCB 16 9 PCB 189
R a tio  
PCB 118 PCB 97
Males 0.038 0 .064 0.052 0.041 0.048 0 .040
+0 .003 +0 .017** +0 .006** +0 .004* +0 .005** +0 .003
Females 0 .037 0.059 0.054 0.043 0.049 0 .039
+0 .002 +0 .007** +0 .005** +0 .004** +0 .008** +0 .004
(8)
Values re p re se n t mean of 10 ra ts+ sd  excep t where shown 
o therw ise  in  b ra c k e ts
Values s ig n i f ic a n t ly  d i f f e r e n t  f r a n  c o n tro ls :
* p<0 .0 5; ** p<0.001.
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T a b l e  5 . 1 0 . E f f e c t s  o f  PCB c o n g e n e r s  o n  l i v e r  :b o d y  w e i g h t
r a t i o  i n  2 1 - d a y  o l d  p u p s  f r c m  s e c o n d  l i t t e r s .
Sex L iver w e ig h t : Body w eight R a tio
C ontro ls PCB 157 PCB 16 9 PCB 189 PCB 118 PCB 97
Males 0 .038 0.041 0.045 0.036 0.036 0.036
+0.003 +0 .002* +0 .007* +0 .002 +0 .004 +0 .004
n=8 n=5 n=6 n=8 n=8 n=10
Females 0 .037 0.043 0.044 0.036 0.036 0.037
+0 .003 +0 .002** +0 .006* +0 .002 +0 .003 +0 .003
n*7 n=6 n=6 n=8 n=8 n=10
Values re p re se n t mean o f n ra ts+ jsd
V alues s ig n if ic a n t ly  d i f f e r e n t  frcm c o n tro ls :
* p<0.0 5; ** p<0.01.
5.6 L iver Microsotne P ro te in  C oncen tra tion
Tables 5.11 and 5.12 shew microsomal p ro te in  c o n ce n tra tio n s  in  
21-day o ld  pups in  f i r s t  and second l i t t e r s  re s p e c t iv e ly .  A 
s ig n i f ic a n t  in c re a se  (p<0.05) in  microsome p ro te in  was seen  in  f i r s t  
l i t t e r s  in  a l l  PCB trea tm en t groups w ith  th e  excep tion  o f fem ale 
pups in  th e  PCB 97 group. In  second l i t t e r s  t h i s  param eter was 
s ig n i f ic a n t ly  in c reased  (p<0.05) over c o n tro ls  in  a l l  groups except 
m ales in  th e  PCB 118 group. However v a lu e s  were lower in  second 
l i t t e r  c o n tro ls  th a n  in  f i r s t  l i t t e r  c o n tro ls , th e  d if fe re n c e  being
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s ig n if ic a n t  (P<0.001) in  fem ales but no t in  m ales. R ie reaso n  fo r  
t h i s  d iffe re n c e  i s  n o t c le a r .
Table 5 .1 1 . E ffe c ts  o f PCB congeners on microsome p ro te in
le v e l s  in  21-day o ld  pups frcm f i r s t  l i t t e r s .
Sex mg p ro te in /  g l i v e r  wet w eigh t
C on tro ls PCB 157 PCB 169 PCB 189 PCB 118 PCB 97
Males 19.58 30.92 27 .68 24.86 34.12 26 .52
+2 .35 +4 .75*** +7 .37** +3 .03*** +3 .2 9*** +3 .24**’
n=10 n=4 n=10 rt=l 0 n=8 n=10
Females 22 .68 32.48 28.25 26 .23 31.09 24.86
+3 .02 +1.32*** +4 .4 9** +3 .94* +2 .33*** +2.89
n=10 n=4 n=8 n=10 n=8 n=10
Values re p re se n t mean o f n ra ts + sd
Values s ig n if ic a n t ly  d i f f e r e n t  frcm c o n tro ls :
* p<0.05; ** p<0.01; *** p<0.001.
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T a b l e  5 . 1 2 . E f f e c t s  o f  PCB c o n g e n e r s  o n  m i c r o s o m e  p r o t e i n
l e v e l s  i n  2 1 - d a y  o l d  p u p s  f r a n  s e c o n d  l i t t e r s .
Sex mg
C ontro ls
p ro te in  
PCB 157
/  g l i v e r  wet 
PCB 16 9 PCB 189
w eight 
PCB 118 PCB 97
Males 17 .83 26 .81 27 .2 9 21.20 17 .60 19.63
+1.66 +2 .37*** +4 .2 9*** +0 .99*** +2 .47 +1.3 8*
n=8 n=5 n=6 n=8 n=8 n=10
Females 15.87 24.84 25.22 20.55 18.08 18.42
+1.95 +3 .98*** +3 .74*** +1.3 8*** +1.71* +1.53**
n=7 n=6 n=6 n=8 n=8 n=10
V alues re p re se n t mean of n ra ts+ sd
V alues s ig n i f ic a n t ly  d i f f e r e n t  f r a n  c o n tro ls :
* p<0 .05 ; ** p<0.01 ; *** p<0.001.
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5 . 7  L i v e r  C y to c h r o m e  P -4 5 0  C o n c e n t r a t i o n
The cy to ch ran e  P-450 assay was c a r r ie d  ou t by re co rd in g  th e  
a b so rb tlo n  sp ec tru n  of th e  reduced cy tochrane  P-450:C0 complex. A 
sample sp ec tru n  Is  shown In  appendix  2 .
T ables 5.13 and 5.14 show th e  e f f e c t  of PCB congeners on cytochrane 
P-450 c o n c e n tra tio n  In  f i r s t  and second l i t t e r s .  Both sexes In  f i r s t  
l i t t e r s  showed marked In d u c tio n  of cy tochrane P-450 le v e ls  In  a l l  
PCB groups excep t PCB 97 . Again th e  e f f e c t  was g re a te s t  In  th e  PCB 
157 group.
Table 5 .1 3 . E f fe c ts  of PCB congeners on cy tochrane  P-450 
le v e ls  In  21-day o ld  pups f r a n  f i r s t  l i t t e r s .
Sex nmoles cy tochrane  P-450 /  mg p ro te in
C ontro ls PCB 157 PCB 16 9 PCB 189 PCB 118 PCB 97
Males 0 .37 2.06 1.70 1.04 1.61 0.36
+0 .07 +0 .51* +0 .19* +0 .20* +0 .27* +0 .07
n=10 n=10 n=10 n=10 n=8 n=10
Females 0 .32 2 .0 8 1.72 1.03 1.4 9 0.3 9
+0 .10 +0 .44* +0 .2 9* +0 .27* +0 .51* +0 .06
n=9 n=8 n=8 n=10 n=8 iifIO
Values re p re se n t mean of n ra tsj^sd
* V alues s ig n if ic a n t ly  d i f f e r e n t  f ra n  c o n tro ls  (p<0.001)
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In  second l i t t e r s ,  only PCBs 157 and 169 caused s ig n i f ic a n t  
in c re a s e s  in  P-450 le v e ls  over c o n tro ls , an e f f e c t  which was seen  in  
both sex es . PCB 97 caused a s ig n i f ic a n t  decrease  (p<0.05) in  P-450 
le v e l s  in  fem ales , in  c o n tra s t  to  i t s  e f f e c t  in  m ales and t o  i t s  
e f f e c t  in  f i r s t  l i t t e r s .  However, th e  c o n tro l v a lu es  in  second 
l i t t e r s  w ere s ig n i f ic a n t ly  h igher than  in  f i r s t  l i t t e r s  in  fem ales
(p<0.0 2 ) .
Table 5 .1 4 . E f fe c ts  of PCB congeners on cy tochrane  P-450
le v e l s  in  21-day o ld  pups frcm second l i t t e r s .
Sex nmoles cy tochrane P-450 /  mg p ro te in
C on tro ls PCB 157 PCB 16 9 PCB 189 PCB 118 PCB 97
Males 0 .47 0.75 0.92 0 .48 0 .46 0.43
+0 .05 +0 .11**** +0 .47** +0 .06 +0.04 +0 .08
n=8 n=5 n=6 n=8 n=8 n=10
Females 0 .50 0.90 0 .97 0.43 0.44 0.3 8
+0 .15 +0 .19*** +0 .53* +0 .06 +0 .06 +0 .05*
n=7 n=6 n=6 n=8 n=8 n=10
Values re p re se n t mean of n ra ts+ sd
V alues s ig n i f ic a n t ly  d i f f e r e n t  f ra n  c o n tro ls :
* p<0.05; ** p<0.02; *** p<0.01; **** p<0.001.
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5 . 8  L i v e r  C y t o c h r a n e  P -4 5 0  A b s o r p t i o n  M axlmun
Tables 5 .15  and 5.16 shew th e  a b so rp tio n  maxima of th e  reduced  
cy to ch rane  P-450: CO complex in  f i r s t  and second l i t t e r s  
r e s p e c t iv e ly .  These w ere m easured in  th e  l i v e r  mlcrosome suspensions 
p repared  f r a n  21-day o ld  pups. In  f i r s t  l i t t e r s ,  th e  w avelength of 
th e  a b so rp tio n  maximum was s h i f te d  to  th e  g re a te s t  e x te n t , in  both 
sexes, by PCBs 157 and 16 9 . PCB 97 had no s ig n i f ic a n t  e f f e c t  on t h i s  
param eter. In  second l i t t e r s ,  only PCBs 157 and 169 caused a 
s ig n i f ic a n t  s h i f t  in  th e  a b so rp tio n  maximum, and t h i s  o ccu rred  in  
both sex es .
Table 5 .1 5 . E f fe c ts  o f PCB congeners on cytochrane P-450 
a b so rp tio n  maximum in  f i r s t  l i t t e r s
Sex A bsorp tion  Maximum (nra)
C o n tro ls PCB 157 PCB 16 9 PCB 189 PCB 118 PCB 97
Males 450 .8 448.2 448.1 449.4 448.3 450.9
+0 .4 +0 .2* +0 .2* +0 .2* +0 .6* +0 .2
n=10 n=10 n=10 n=10 n=8 n=10
Females 451.2 448.2 448.1 449.5 448.7 450 .8
+0 .8 +0 .5* +0 .2* +0 .2* +0.7* +0 .3
n=9 n=8 n=9 n=10 n=8 n=10
V alues re p re se n t mean o f n rats+jsd
* V alues s ig n i f ic a n t ly  d i f f e r e n t  frcm c o n tro ls  (p<0.001)
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T a b l e  5 . 1 6 . E f f e c t s  o f  PCB c o n g e n e r s  o n  c y t o c h r a n e  P -4 5 0
a b s o r p t i o n  m ax im u n  I n  s e c o n d  l i t t e r s .
Sex A bsorption Maximun (nm)
C ontrol s PCB 157 PCB 16 9 PCB 189 PCB 118 PCB 97
Males 450 .4 448.6 448.5 450 .5 450 .3 450.6
+0 .50 +0 .3 8* +0 .91* +0 .23 +0.2 9 +0 .39
n=8 n=5 n=6 n=8 n=8 n=10
Females 450.6 448.3 448.5 450 .7 450 .3 450.8
+0 .53 +0 .26 * +0.76* +0 .22 +0 .40 +0 .34
n=7 n=6 n=6 n=8 n=8 n=10
V alues re p re se n t mean of n rats+_sd
* V alues s ig n i f ic a n t ly  d i f f e r e n t  f r a n  c o n tro ls  (p<0.001)
5.9 L iver A n iline  H ydroxylase A c tiv ity
Tables 5.17 and 5.18 show the  l i v e r  a n i l in e  hydroxylase  a c t i v i t i e s  
In  21-day o ld  pups f ra n  f i r s t  and second l i t t e r s  r e s p e c tiv e ly . In  
f i r s t  l i t t e r s  PCBs 169 and 97 caused a s ig n i f ic a n t  in h ib i t io n  of 
a n il in e  hydroxylase  a c t i v i t y  in  male pups, but in  fem ales on ly  a 
s l i g h t  in h ib i t io n  was seen  which was n o t s ig n i f ic a n t .  The o th e r 
th re e  PCBs caused s ig n i f ic a n t  in d u c tio n  o f t h i s  enzyme in  f i r s t  
l i t t e r s  in  both sexes.
In  second l i t t e r s  no s ig n i f ic a n t  changes in  a n i l in e  hydroxylase
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a c t iv i ty  were seen fo r  any of th e  PCBS used. However, th e  v a lu e s  fo r  
PCB 97 were n o tic e ab ly  dep ressed  below those  fo r  c o n tro ls  in  
c o n tra s t  to  v a lu e s  fo r  th e  o th e r PCB groups.
Table 5 .1 7 . E f fe c ts  of PCB congeners on a n i l in e  hydroxylase  
a c t i v i ty  in  21-day o ld  pups frcm f i r s t  l i t t e r s .
Sex nmoles PAP 
C o n tro ls  PCB 157
/  mg p ro te in  /  
PCB 169 PCB 189
minute 
PCB 118 PCB 97
Males 0.58 0.76 0.40 0.86 0.71 0.46
+0 .10 +0 .14** +0 .0 9*** +0 .13*** +0 .06** +0 .12*
n=10 n=10 n=10 n=10 n=8 n=10
Females 0 .51 0.7 8 0 .43 0.89 0.70 0.49
+0 .10 +0 .17*** +0 .12 +0 .19*** +0 .10** +0 .0 9
n=10 n=9 n=9 n=l 0 n=8 n=l 0
Values re p re se n t mean of n ra ts+ sd
V alues s ig n i f ic a n t ly  d i f f e r e n t  frcm c o n tro ls :
* p<0.05 ; ** p<0.01? *** p<0.001.
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T a b l e  5 . 1 8 . E f f e c t s  o f  PCB c o n g e n e r s  o n  a n i l i n e  h y d r o x y l a s e
a c t i v i t y  i n  2 1 - d a y  o l d  p u p s  f r a n  s e c o n d  l i t t e r s .
Sex nmoles PAP /  mg p ro te in  / minute
C ontro ls PCB 157 PCB 169 PCB 189 PCB 118 PCB 97
H ales 0 .64 0 .71 0.67 0.75 0.67 0.56
+0 .14 +0 .12 +0 .07 +0 .0 9 +0 .13 +0 .16
n=8 n=5 n=6 n=8 n=8 n*10
Females 0 .67 0.70 0.68 0 .66 0.66 0.55
+0 .19 +0 .11 +0 .03 +0 .11 +0.09 +0.11
n=7 n=6 n=6 n=8 n=8 n=10
V alues re p re se n t mean o f n r a t s  + sd 
5 .10 L iver Aminopyrine-N-Demethylase A c tiv ity
Tables 5 .19  and 5.20 shew th e  a c t i v i t i e s  of aminopyrine demethyl a se 
in  21-day o ld  pups f r a n  f i r s t  and second l i t t e r s  r e s p e c tiv e ly . 
S t a t i s t i c a l l y  s ig n if ic a n t  in d u c tio n  of am inopyrine-N -dem ethylase 
a c t i v i t y  over c o n tro ls  was e v id en t in  f i r s t  l i t t e r s  in  a l l  PCB 
trea tm en t groups of both sex es . The g re a te s t  a c t i v i t y  was seen  in  
th e  PCB 157 group and th e  l e a s t  in  th e  PCB 97 group.
In second l i t t e r s ,  in d u c tio n  was ev id en t to  a le s s e r  e x ten t th an  in  
f i r s t  l i t t e r s ,  being s ig n i f ic a n t ly  g re a te r  than  c o n tro ls  in  both 
sexes only  in  th e  PCB 157 group which again  showed th e  hl<£iest
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a c t i v i t y .  Again th e  PCB 97 group shewed th e  l e a s t  a c t i v i t y ,  th e  
enzyme being  In h ib i te d  compared to  c o n tro ls .  S ig n if ic a n t  in h ib i t io n  
was a ls o  seen  in  th e  PCB 118 group in  m ales. However, t h i s  ap p a ren t 
in h ib i t io n  must be in te rp re te d  w ith  cau tio n  a s  th e  c o n tro l v a lu e s  
were h ig h e r than  th o se  in  f i r s t  l i t t e r  c o n tro ls ,  and th e  d if fe re n c e  
was s ig n i f ic a n t  in  both sex es .
Table 5 .1 9 . E f fe c ts  of PCB congeners on am inopyrine dem ethylase 
a c t i v i ty  in  21-day o ld  pups frcm  f i r s t  l i t t e r s .
Sex nmoles HCHO /  mg p ro te in  / minute
C ontro ls PCB 157 PCB 16 9 PCB 189 PCB 118 PCB 97
Males 0 .6 6 2.23 1.19 1.91 1.94 0.95
+0 .20 +0 .49** +0 .2 1 ** +0 .37** +0 .31** +0 .19*
n=10 n=10 n=10 n=10 n=8 n=10
Females 0 .58 2 .61 1 .0 2 2.16 1.92 0.90
+0 .14 +0 .3 9** +0 .34* +0 .27 ** +0 .40** +0 .14**
n=10 n=9 n=9 n=10 n=8 n=10
Values re p re se n t mean of n ra ts+ sd
Values s ig n if ic a n t ly  d i f f e r e n t  frcm c o n tro ls :
* p < 0 . 0 1 ?  ** p < 0 . 0 0 1 .
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T a b l e  5 . 2 0 . E f f e c t s  o f  PCB c o n g e n e r s  o n  a m i n o p y r i n e  d e m e t h y l a s e
a c t iv i ty  in  21-day  o ld  pups frcm second l i t t e r s .
Sex nmoles HCHO 
C ontro ls PCB 157
/  mg p ro te in  /  
PCB 169 PCB 189
m inute 
PCB 118 PCB 97
H ales 0.87 1.34 0.92 0.7 9 0.73 0.60
+0 .1 1 +0 .17*** +0 .21 +0 .06 +0.13* +0 .1 1 **’
n=8 n=5 n=6 n=8 n=8 n=10
Females 0 .81 1.40 1.0 9 0 .74 0 .67 0.64
+0 .23 +0 .31** +0 .15* +0 .10 +0 .16 +0 .03 *
n=7 n=6 n=6 n=8 n=8 n=10
Values re p re se n t mean o f n ra ts+ sd
V alues s ig n if ic a n t ly  d i f f e r e n t  from c o n tro ls :
* p<0.0 5; ** p<0.01; *** p<0.001.
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5 . 1 1  D i s c u s s i o n
5 . 1 1 . 1  L i t t e r  S i z e  a n d  P u p  W e i g h t
Measurements of l i t t e r  s iz e  and weic£it f o l i a t i n g  a d m in is tra tio n  of 
s in g le  PCB congeners t o  th e  dams do no t appear to  be w e ll re p o rte d  
in  th e  l i t e r a t u r e .  In  t h i s  s tu d y , PCB congener numbers 97, 118, 157 
and 189 were ad m in is te red  to  r a t  dams a t  doses of 0 .5  mmolKg- 1 
d u rin g  l a c t a t i o n .  PCB 169 was ad m in is te red  a t  a dose of 0 .05 
mmolKg-^. Follow ing th e  r e s u l t s  o b ta in ed  w ith  AROCLOR 1254 
(ch ap te r fo u r )  i t  was n o t expected  th a t  such m easurements would 
p rov ide a very  s e n s i t iv e  In d ic a to r  of PCB to x ic i ty .  However a tre n d  
can be d isce rn ed  from th e  d a ta . G enerally  PCBs 157 and 169 ( th e  dose 
of 169 having been one te n th  t h a t  of th e  o th e r congeners) tended  to  
decrease  l i t t e r  s iz e  and decrease  l i t t e r  and pup w eigh t g a in s . PCB 
16 9 i s  re p o r te d  to  be one of th e  most p o ten t of a l l  th e  PCB 
congeners (70) and so would be expected  to  shew to x ic  e f f e c t s  most 
r e a d i ly .  There was no s ig n  of to x ic i ty  due to  PCBs 97, 118 or 189 in  
th e se  param eters .
In  a d d itio n , th e  p o s s ib le  fo e to to x ic  e f f e c t s  observed  w ith  PCB 16 9 
(and to  a le s s e r  e x ten t w ith  PCB 157) re in fo rc e  th e  ap p aren t tre n d  
of these  r e s u l t s .  As PCBs 16 9 and 157 decreased  th e  nunber of male 
r a th e r  than  fem ale pups born in  second l i t t e r s ,  t h i s  e f f e c t  may be 
s e x - s p e c if ic .  These r e s u l t s  r e c a l l  those of Spencer ( 6 6 ) who 
re p o rte d  a decreased  f o e ta l  su rv iv a l r a te  a t  b i r th  a f t e r  r a t  dams 
had been fe d  AROCLOR 1254 3 00 ppm in  t h e i r  d i e t  fo r  te n  days during  
g e s ta tio n . As th e  nunber of concept uses a t  day 12 of pregnancy was
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no t a f f e c te d  by PCB tre a tm e n t, f o e ta l  re s o rp tio n  r a th e r  th an  
in h ib i t io n  of im p lan ta tio n  may have o ccu rred . Perhaps th e  a lle g e d  
e f f e c t s  o f PCBs on sex  hormone m etabolism  ( 6 8 ) caused  an in c re a se  in  
re s o rp t io n  o f male fo e tu s e s  in  t h i s  s tu d y . No r e p o r ts  of th ese  
p a r t i c u la r  PCB congeners cau sin g  such an e f f e c t  have been found in  
th e  l i t e r a t u r e .
5 .11.2 L iver Param eters
The e f f e c t s  of th e  d i f f e r e n t  PCB congeners on th e  l i v e r  param eters 
m easured in  f i r s t  and second l i t t e r s  a re  i l l u s t r a t e d  in  f ig u r e s  
5 .1 - 5 .6 . G enera lly , PCBs 157, 189 and 118 in c re a se d  a l l  param eters
m easured, i . e .  l iv e r  :body w eight r a t i o ,  mlcroscme p ro te in  
c o n c e n tra tio n , cy tochrane P-450 c o n c e n tra tio n  and th e  a c t i v i t i e s  of 
a n i l in e  hydroxylase  and am inopyrine dem ethylase. Parkinson e t  
a l .(1 5 2 )  a ls o  observed In c re a se s  in  cy tochrane  P-450 and liv e rsb o d y  
w eight r a t i o  in  th ree-w eek  o ld  male Long Evans r a t s  dosed d i r e c t ly  
w ith a s in g le  i . p .  dose of 0 .5  mmolKg-^ of PCBs 157, 189 or 118. 
Park inson e t  a l .(1 2 3 )  dosed one-month o ld  m ale W lstar r a t s  d i r e c t ly  
w ith  PCBs 157 o r 118 in  two s e p a ra te  doses, each of 0 .15 mmolKg-1 , 
two days a p a r t .  They found PCB 118 to  be more p o ten t th an  PCB 157 on 
th e  b a s is  of in d u c tio n  of microsomal p ro te in , cy tochrane  P-450 and 
am inopyrine dem ethylase but l e s s  p o te n t a s  an inducer of AHH. They 
d id  n o t m easure a n i l in e  hydroxylase  a c t i v i t y .  They concluded t h a t  
both th ese  PCBs a re  m ixed-type enzyme in d u c e rs . On t h i s  b a s is  they  
would be expected  to  in c re a se  th e  a c t i v i t i e s  of both a n i l in e  
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Figure 5.1. Effects of PCB congeners on liver:body weight ratio and
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Figure 5.2. Effects of PCB congeners on cytochrome P-450 levels and




Aminopyrine Demethylase Activity 
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F i g u r e  5 . 3 . E f f e c t s  o f  PCB c o n g e n e r s  o n  a m in o p y r in e - N - d e m e th y la s e  
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Figure 5.4. Effects of PCB congeners on liver:body weight ratio and
microsome protein levels in 21-day old female rat pups.
141
Cytochrome P-450 Concentration







CCN 169 157 118 189 97CCN 169 157 118 189 97
Aniline Hydroxylase Activity






CCN 169 157 118 189 97CON 169 157 118 189 97
Figure 5.5. Effects of PCB congeners on cytochrome P-450 levels and
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F i g u r e  5 . 6 . E f f e c t s  o f  PCB c o n g e n e r s  o n  a m in o p y r in e - N - d e m e th y la s e  
a c t i v i t y  i n  2 1 - d a y  o l d  f e m a le  r a t  p u p s .
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In  t h i s  study th e  w avelength of th e  reduced  P-450 :C0 a b so rp tio n  
maximum was s h if te d  down to  448.2 nn by PCB 157 and 448.3 nm by PCB 
118 (a g a in s t  450.8 in  c o n tr o ls ) ,  which ag rees q u i te  w e ll w ith  th e  
r e s u l t s  of Parkinson e t  a l .  of 44 8.0 nn fo r  both of th ese  PCB s .
The In c re a se  in  th e  liv e r :b o d y  w eight r a t i o  and cy toch rane  P-450 
le v e ls  by PCB 189 seen in  t h i s  study  was a ls o  observed  by Park inson 
e t  a l . ( 1 5 2 ) .  An In c rease  in  th e  a c t i v i ty  of am inopyrine dem ethylase 
and P-450 le v e ls ,  but w ith o u t any s h i f t  in  th e  w avelength of th e  
P-450 ab so rp tio n  maximum, was re p o r te d  by P ark inson  e t  a l . ( 1 2 4 ) .  In  
t h i s  study  th e  wavelength was mcved s l ig h t ly  down to  449.4 nn. PCB 
189 i s  co n sidered  to  be a m ixed-type enzyme inducer (124,167) and 
so a g a in  an  in c re a se  in  th e  a c t i v i t y  of both th e  enzymes m easured 
would be expected . I n te r e s t in g ly ,  G o ldste in  e t  a l .  (122) observed  an 
in h ib i t io n  of arainopyrine-N-dem ethylase a c t i v i t y  (w ith o u t any e f f e c t  
on P-450 co n ce n tra tio n ) by PCB 189 a t  a lcw er dose than  t h a t  used by 
Park inson  e t  a l .  (1 2 4 ).
In  c o n tra s t  to  PCBs 157, 189 and 118, PCB 16 9 in h ib i te d  th e
a c t i v i t y  of a n il in e  hydroxylase but in c re a se d  a l l  th e  o th e r l i v e r  
param eters  measured in  f i r s t  l i t t e r s .  Yoshlmura e t  a l .(1 6 8 )  observed  
an in c re a se  in  l i v e r  w eight in  four-w eek o ld  m ale W istar r a t s ,  but 
no in c re a se  in  P-450 le v e ls  a lthough  AHH a c t i v i ty  was In c re ase d . 
G o ld s te in  e t  a l .(1 2 2 )  found t h a t  th e  l i v e r  e f f e c t s  o f PCB 16 9 v a rie d  
w ith  th e  magnitude of th e  dose in  one-month o ld  Sprague Dawley r a t s  
dosed d i r e c t ly .  With a h ig h e r dose (0 .14 mmolKg-^ i .p .  d a ily  fo r  3 
days) mlcrosome p ro te in  and P-450 c o n c e n tra tio n s  and am inopyrine 
dem ethylase a c t i v i ty  were a l l  decreased , although  AHH a c t i v i t y  and
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l iv e r :b o d y  w eight r a t i o  w ere both in c re a se d . With a lcw er dose (0.03 
mmolKg-^ i . p .  d a ily  fo r  3 days) microscme p ro te in  was unchanged and 
l i v e r  sbody w eight r a t i o ,  P-450 c o n c e n tra tio n  and AHH a c t i v i t y  were 
a l l  in c reased , w hile  am inopyrine dem ethylase a c t i v i t y  was s t i l l  
d ecreased . Parkinson e t  a l .  (152) gave th ree-w eek  o ld  m ale Long 
Evans r a t s  PCB 169 0 .125 mmolKg- 1 as a s in g le  i . p .  dose and observed  
an in c re a se  in  P-450 le v e ls  but no change in  th e  l i v e r  :body w eight 
r a t i o .
The in h ib i t io n  of a n il in e  hydroxylase  by PCB 16 9 seen in  t h i s  study 
i s  s u rp r is in g , s in ce  t h i s  enzyme i s  re p o r te d  to  be induced by MC 
(120) and PCB 16 9 has been shown to  be a MC-type enzyme inducer 
( 1 2 1 , 1 2 2 ) .  Yoshimura e t  a l . ( 1 2 0 ) observed  an in c re a se  in  th e  
a c t i v i t y  of a n i l in e  h y d ro ^ la s e  but no t am inopyrine dem ethylase in  
young a d u l t  r a t s  given a s in g le  i . p .  dose of 1 mgKg- 1 PCB 16 9. 
F u j i ta  e t  a l .(1 1 9 )  re p o r te d  an in c re a se  in  a l l  th e  l i v e r  param eters 
measured in  t h i s  s tudy , in c lu d in g  a n i l in e  hydroxylase  and 
am inopyrine dem ethylase a c t i v i t i e s ,  a f t e r  a d n in ls t r a t lo n  of PCB 169 
to  r a t s .  In  t h i s  s tudy , th e  w avelength of th e  P-450 ab so rp tio n  
maximum was s h if te d  from 450 to  44 8.1 nn by PCB 16 9, a r e s u l t  
s im ila r  to  t h a t  of Rohli e t  a l .(1 2 1 )  who re p o r te d  a v a lu e  of 44 8.4 
im fo r  both PCB 16 9 and MC.
All of th e  s tu d ie s  re p o r te d  in  th e  l i t e r a t u r e  and r e f e r r e d  to  above 
have used Immature (weaned) r a t s  dosed d i r e c t ly  w ith a s in g le  PCB 
congener, ra th e r  than  pups t h a t  were suck led  by dams exposed to  PCB. 
There s t i l l  seems to  be a sho rtage  of l i t e r a t u r e  on th e  l a t t e r  type 
of c o n g en e r-sp e c if ic  s tu d y , w ith most r e p o r ts  being  concerned w ith
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c o m m e r c i a l  PCB m i x t u r e s .
PCB 97 caused  th e  l e a s t  changes in  l i v e r  param eters in  f i r s t  l i t t e r s  
th a n  any of th e  o th er congeners used. L iver sbody w e i g h t  r a t i o  and 
P-450 c o n c e n tra tio n  were unchanged, and microsome p ro te in  was 
in c re a se d  on ly  in  m ales. The w avelength of th e  P-450 ab so rp tio n  
maximun was v i r t u a l ly  unchanged. A niline hydroxylase  a c t i v i t y  was 
decreased  in  m ales only  w hile  am inopyrine dem ethylase a c t i v i t y  was 
in c re a se d  in  both sex es . No r e p o r ts  of th e  e f f e c t s  of PCB 97 on 
th e se  param eters  have been found in  th e  p u b lish ed  l i t e r a t u r e .
The h is to g ram s p resen ted  in  f ig u r e s  5 .1 - 5 .6 a llcw  some a ttem p t a t  
e s ta b l is h in g  a rank  o rd e r of potency fo r  th e  d i f f e r e n t  PCB congeners
used in  t h i s  s tudy . In  both male and fem ale r a t  pups, PCB 97
seemed on th e  whole f a i r l y  in a c t iv e . PCB 16 9, having been 
ad m in is te red  a t  only one te n th  of th e  dose used fo r  th e  o th er 
congeners, s tands ou t a s  th e  most p o te n t. This con clu sio n  would be 
expected  f ra n  th e  nunerous re p o r ts  t h a t  have h ig h lig h te d  PCB 16 9 as 
one of th e  most to x ic  o f a l l  th e  209 p o s s ib le  PCB congeners. There 
i s  n o t a g re a t  d if fe re n c e  between th e  rem ain ing  th re e  congeners in  
th e  m agnitude of th e  changes produced. There i s  a tendency fo r 
s l ig h t ly  g re a te r  in c re a s e s  w ith  PCB 157 and s l ig h t ly  s n a l le r  
in c re a se s  w ith  PCB 189 when compared to  PCB 118. T herefo re  a
te n ta t iv e  rank  o rd er of potency i s  PCB 16 9 >PGB 157 >PCB 118 >PCB
189 >PCB 97 . However, a ttem p ts  to  compare th e  d i f f e r e n t  congeners 
a re  com plicated  by any d if fe re n c e s  in  t h e i r  c h a r a c te r i s t i c  in d u c tio n  
p a t te rn s .  An example of t h i s  i s  th e  tendency of PCBs 16 9 and 97 to  
in h ib i t  a n i l in e  hydroxylase w h ile  th e  o th er congeners induce th i s
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enzyme, a t  l e a s t  in  th e  type of p ro to co l used h e re . Thus any 
ccan par Iso n s  between congeners must be based on a s  many param eters as  
p o s s ib le .
The co n c lu sio n s  based on l i t t e r  s iz e  and body w eights ( s e c tio n  
5 .1 1 .1 ) su p p o rt th e  Im pression  th a t  PCBs 169 and 157 a re  th e  most 
p o ten t of th e  congeners used.
C o n sidera tion  of th e  w avelength changes observed  In  th e  P-450 
ab so rp tio n  maxima In  t h i s  s tudy  su g gests  th e  same rank  o rd e r of 
potency as do th e  o th e r r e s u l t s .  As d iscu ssed  In  chap ter one, 
MC-type In d u c tio n  and a s h i f t  of th e  P-450 a b so rp tio n  maximun f ra n  
450nn towards 447 nm a re  a s s o c ia te d  w ith  g re a te r  to x ic i ty  than  
mixed- or IB -type In d u c tio n  w ith  l i t t l e  or no change In  th e  
w avelength . Although no firm  c o r re la t io n  h a s  been e s ta b lis h e d  
between th e  w avelength of th e  P-450 ab so rp tio n  maximun and to x ic i ty ,  
I t  I s  n o tic e a b le  th a t  In  t h i s  study th e  g re a te s t  s h i f t s  in  t h i s  
param eter were caused by PCBs 16 9 and 157 and th e  l e a s t  s h i f t  by PCB 
97, shewing ( fo r  f i r s t  l i t t e r  m ales) a sequence o f :
PCB 16 9 > PCB 157 > PCB 118 > PCB 189 > PCB 97 (c o n tro ls  450.8)
448.1 448.2 448.3 449.4 450.9
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5 . 1 1 . 3  PCB E f f e c t s  I n  S e c o n d  L i t t e r s
The e f f e c t s  of th e  PCB congeners on l i v e r  param eters In  second 
l i t t e r s  a re  I l l u s t r a t e d  in  f ig u r e s  5 .1 - 5 .6 . In  both sexes, i t  was 
g e n e ra lly  only in  th e  case of PCBs 157 and 169 th a t  any marked or 
s t a t i s t i c a l l y  s ig n if ic a n t  changes appeared  in  second l i t t e r s .  Such 
p e rs is te n c e  must be a fu n c tio n  of both th e  potency of th e  congener 
and i t s  tendency to  be re ta in e d  in  th e  body, i . e .  i t s  
pharmacodynamic and i t s  pharm acokinetic  p r o p e r t ie s .  The e lim in a tio n  
of th e  PCBs f ra n  animal t i s s u e s  and th e  p o s s ib le  im p lic a tio n s  fo r  
t h i s  study  a re  d iscu ssed  in  s e c t io n  8 .3 .2 .
5 .11.4 Sex D iffe ren ces  in  Response to  PCBs
Apart f r a n  th e  tendency of PCBs 157 and 16 9 to  reduce th e  nunbers of
male pups born to  dosed dams, th e re  was no In d ic a t io n  of sex 
d if fe re n c e s  in  response to  any of th e  PCB tre a tm e n ts . This i s  
d e sp ite  r e p o r ts  of sex  d if f e r e n c e s  in  th e  response  of h e p a tic  
microsomal enzymes to  in d u cers  (1 60 ,161).
5 .11 .5  E ffe c t of Contaminants in  th e  PCB Congeners
As re p o rte d  in  chap ter th re e , PCB 157 was contam inated w ith  
approxim ately 0.6% PCB 169. Judging frcrn th e  e f f e c t s  seen  in  t h i s  
s tudy , t h i s  may have r e s u l te d  in  an enhancement of th e  ap p aren t 
e f f e c t  of PCB 157 on a l l  param eters measured excep t fo r  a n i l in e  
hydroxylase a c t i v i t y  which would be d ecreased . The e f f e c t  of such
b ia s  would however be sm all. The e f f e c t s  of PCB 157 were in  most
14 8
cases  s u f f i c i e n t ly  g re a te r  than  those  of th e  next roost p o ten t 
congener (PCB 118) fo r such b ia s  t o  have no e f f e c t  on th e  rank  o rd e r 
of potency in d ic a te d  in  s e c t io n  5 .11.2 .
PCB 118 was contam inated w ith  a sm all percen tage  of (p o ss ib ly )  a 
hexa- or a h ep t a chi or obi phenyl which was n o t id e n t i f i e d .  This may 
have a f f e c te d  i t s  potency rank ing  w ith  re sp e c t to  PCB 189 as th e se  
two congeners appeared very  s im ila r  in  po tency . However t h i s  i s  
c o n je c tu re .
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CHAPTER SIX
CO-ADMINISTRATION OF PCSs 97 AND 169  
RESULTS AND DISCUSSION
T his experim ent was designed to  a s s e s s  th e  e f f e c t s  of a d m in is te r in g  
PCB 97 se v e ra l days p r io r  to  th e  a d m in is tra tio n  of PCB 16 9, in  o rd e r 
to  d e te c t  any synergism th a t  may occur between th e se  two congeners. 
Female w eanling  r a t s  were dosed d i r e c t ly ,  by th e  o ra l  (s tu d y  1) and 
th e  in t r a p e r i to n e a l  (s tu d y  2) ro u te s .  For each param eter m easured, 
th e  unpaired  s tu d e n t 's  t - t e s t  a t  th e  5% le v e l of s ig n if ic a n c e  was 
used to  d e te c t  any d if fe re n c e s  due to  PCB trea tm en t compared to  
c o n tro ls .
6 .1 Study 1 : O ral Dosing
The e f f e c t s  of th e  o ra l  a d n in is t r a t io n  o f 0.3 mmolKg- 1 PCB 97 seven 
days p r io r  to  0 .025 mmolKg- 1 PCB 169 a re  shown in  ta b le  6 .1 .  Most 
of the  param eters measured do no t shew any s ig n i f ic a n t  In c rease  over 
c o n tro ls , in d ic a t in g  th a t  minimal in d u c tio n  had o ccu rred . L iver:body 
w eight r a t i o  was s ig n if ic a n t ly  in c reased  by e i th e r  PCB given a lo n e , 
but in  com bination t h e i r  e f f e c t s  were not a d d i t iv e .  Cytochrome P-450 
c o n c e n tra tio n  was in c re ase d  by PCB 16 9 g iven  a lone  and to  a g re a te r  
e x ten t w ith  both PCBs combined.
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Table 6 .1 . E f fe c ts  of an o ra l  dose of PCB 97 g iven  seven 
days p r io r  to  an o ra l  dose of PCB 16 9. R ats 
were k i l le d  f iv e  days a f t e r  PCB 169 dosing .
Param eter Treatm ent Group
Measured C o n tro ls PCB 97 PCB 16 9 97+16 9
L iver :body w eight 0 .038 0 .043 0.069 0.061
r a t i o +0 .001 +0 .0 0 2 * +0 .005** +0 .008*
Microsome p ro te in 29.28 27 .22 30.76 25.86
c o n c e n tra tio n +2 .98 +3 .02 +3 .91 +1 .8 8
mg p ro te in /g  l i v e r
A n iline  hydroxylase 0 .32 0.34 0.3 8 0.3 8
a c t i v i t y :  nmol PAP 
/mg p ro te in /m in
+0 .0 8 +0 .08 +0 .08 +0 .07
Aminopyrine dem ethylase 1.16 1.50 1.0 9 1.27
a c tlv  i t y : nmol HCHO 
/mg p ro te lii/m ln
+0 .26 +0.29 +0 .23 +0 .18
Cytochrcrae P-450 0.3 0 0 .2  8 1.33 1.59
conce n t r  a t i  on +0 .04 +0 .0 9 +0 .36* +0 .1 1 **
nmol P-450/mg p ro te in
Cytochrane P-450 451.4 451.9 449.0 448.7
a b so rp tio n  max, rm +0 .6 +1.7 +0 .4 ** +0 .2 **
V alues re p re se n t mean of 4 ra ts+ sd  
V alues s ig n i f ic a n t ly  d i f f e r e n t  f ra n  c o n tro ls :  
* p<0.01 ; ** P<0.001.
6 .2 Study 2: In tr a p e r l to n e a l  Dosing
The e f f e c t s  of 0.5 mmolKg- 1 PCB 97 ad m in is te red  s ix  days p r io r  to  
0.05 mmolKg- 1 PCB 169 a re  shown in  ta b le  6 .2 .
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Table 6 .2 . E f fe c ts  of an i . p .  dose of PCB 97 g iven  s ix  
days p r io r  to  an i . p .  dose of PCB 169. Rats 




C o n tro ls  PCB 97
Group 
PCB 16 9 97+16 9
L iver :body weight 0 .040 0.045 0 .051 0.047
r a t i o +0 .001 +0 .004 +0 .008* +0 .004**
Mlcrosome p ro te in 33 .15 36 .47 39.59 39.37
c o n c e n tra tio n  
mg p ro te ln /g  l iv e r
+2 .77 +4.7 8 +6 .5 9 +2 .25**
A niline  hydroxylase 0.37 0.36 0.37 0.47
a c t i v i t y :  nmol PAP 
/mg p ro te ln /m in
+0 .04 +0.06 +0 .0 8 +0 .04**
Aminopyrine dem ethylase 1.41 1 .8 8 1.59 1.81
a c t i v i t y :  nmol HCHO 
/mg p ro te in /m in
+0 .15 +0 .43 +0 .47 +0 .37
Cytochrane P-450 0 .3 4 0.35 1.07 1 .1 2
c o n c e n tra tio n
nmol P-450/mg p ro te in
+0 .0 5 +0 .02 +0 .20****+0 .07****
Cytochrane P-450 451.0 451.7 449.3 449.0
ab so rp tio n  max, nn +0 .4 +0 .7 +0 .2 **** +0 .6 ***
Values re p re se n t mean of 4 rats+_sd
V alues s ig n if ic a n t ly  d i f f e r e n t  fran  c o n tro ls :
* p<0.05; ** p<0 .02 ; *** P<0.01? **** P<0.001.
Both PCBs were ad m in is te red  by th e  i  n tr  ape r i  tone a l ro u te . Again
l i t t l e  evidence of enzyme in d u c tio n  was seen  w ith  PCB 97, and PCB 
16 9 caused s ig n i f ic a n t  changes in  only  th re e  param eters . Most
param eters were s ig n i f ic a n t ly  in c reased  by th e  PCB com bination. 
L iver :body w eight r a t i o  and cy tochrane  P-450 c o n c e n tra tio n  were both
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In c reased  by PCB 16 9 alone and to  an  alm ost id e n t ic a l  e x te n t by 
com bination tre a tm e n t. Microsomal p ro te in  shewed a s l i g h t  but 
non-*sign ifican t in c rease  due to  PCB 16 9 a lo n e , and an alm ost 
id e n t ic a l  in c rease  due to  both congeners to g e th e r .
6 .3 D iscu ssio n
The l i v e r  e f f e c t s  of th e  com bination of PCBs 97 and 169, g iven 
e i th e r  by th e  o ra l or th e  i . p .  ro u te , do no t suggest t h a t  synergism 
was o c c u rr in g . In  o th e r words, th e  e f f e c t s  o f th e  com bination were 
no g re a te r ,  and in  many cases l e s s  th a n , those th a t  would be 
expected  f ra n  a c o n s id e ra tio n  of th e  e f f e c t s  of e i th e r  PCB given 
a lo n e . However, th e  degree of In d u c tio n  caused by th ese  doses was 
g e n e ra lly  very low. T herefore  a fu r th e r  s tudy  w ith h ig h e r doses of 
both PCBs i s  d e s ira b le , in  o rd e r to  ach iev e  a sm all but 
s ig n i f ic a n t  degree of in d u c tio n  of most param eters  w ith  e i th e r  PCB 
a lone .
The p o s s ib i l i ty  of synergism o ccu rrin g  between PCB congeners was 
d iscu ssed  by Leece e t  a l .  (97) who p re t r e a te d  one month o ld  m ale 
W istar r a t s  w ith  a s in g le  dose of 2 ,4 ,5 ,2 ' ,4 ' ,5 '-hexa  chi or obi phenyl 
( HCB) 0.3 mmolKg*-1 and th en  ad m in is te red  a s in g le  sub-maximal
Inducing dose of PCB 169 seven days l a t e r .  They a lso  ad m in is te red  
e i th e r  PCB alone. The com bination Induced AHH and 
e th o ^ re s o ru f in -O -d e e th y la se  a c t i v i t i e s  to  a g re a te r  e x te n t th an  
would be expected  i f  th e  combined e f f e c t s  were a d d i t iv e .  They 
suggest t h i s  e f f e c t  may be due to  in c re a se s  in  th e  h e p a tic  c y to s o l ic  
Ah recep to r le v e l s ,  an e f f e c t  which they dem onstrated  in  th e  same 
study using  HCB alone, and which has been shewn to  be caused by
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d i-o r th o  s u b s t i tu te d  PCBs (1 1 8 ). However, Okey and V e lla  (169) 
re p o rte d  t h a t  a lthough  HB trea tm en t can double Ah re c e p to r  l e v e l s ,  
th e  degree of AHH in d u c tio n  caused by th e  subsequent a d m in is tra tio n  
of MC-type in d u cers  i s  n o t doubled. The s i tu a t io n  i s  th e re fo re  f a r  
f ra n  c le a r  a t  p re s e n t.
PCB 97 was used in  t h i s  study  because i t  was th e  only d i-o r th o  
s u b s t i tu te d  congener a v a i la b le .  Although th e  dose of PCB 97 used was 
inadequate  to  cause in d u c tio n  when given a lo n e , i t  was la rg e  enough 
to  suggest t h a t  th e re  i s  u n lik e ly  to  be a s ig n i f ic a n t  in c re a se  in  
PCB to x ic i ty  due to  any in te r a c t io n  between PCBs 97 and 16 9 . F u rther 
work i s  re q u ire d  on t h i s  s u b je c t ,  as th e  d e te c t io n  of synergism  may 
depend on s e le c t io n  o f th e  r i g h t  enzymes, doses and congeners.
The to x ic o lo g ic a l im p lic a tio n s  of synergy between PCBs a re  enormous. 
As d iscu ssed  in  ch ap te r one, a la rg e  number of d i f f e r e n t  congeners 
occur in  human m ilk . The r e l a t i v e  c o n c e n tra tio n s  and i d e n t i t i e s  of 
each w i l l  vary between d i f f e r e n t  m others depending on f a c to r s  such 
as t h e i r  h is to ry  of exposure to  PCBs. The PCB com position in  th e  
m ilk  f ra n  th e  same m other can a lso  vary  w ith tim e and i s  in flu en c ed  
by la c ta t io n  h is to r y  (1 7 0 ) . I f  a s ig n i f ic a n t  degree of synergism was 
o ccu rrin g  amongst some of th e  congeners p re s e n t, no t only would th e  
to ta l  to x ic i ty  of a g iven  m ilk  sample be very  d i f f i c u l t  to  
in te r p r e t  but s l i g h t  changes in  th e  congener com position of th e  
m ilk  cou ld  cause d is p ro p o r t io n a te ly  la rg e  changes in  t o x ic i ty .  These 
co n s id e ra tio n s  c a l l  fo r  c a r e f u l ly  designed s tu d ie s .
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CHAPTER SEVEN
HLARMACODXNAMIC STUDIES: RESULTS AND DISCUSSION
These s tu d ie s  were c a r r ie d  o u t in  o rd er to  compare th e  p a t te rn s  o f 
enzyme in d u c tio n  r e s u l t s  f ra n  c h ap te rs  fo u r  and f iv e  w ith  those  
o b ta in ed  f ra n  s tu d ie s  in v o lv in g  a v a r ie ty  of o th e r to x ic  e f f e c t s .  
T his was done to  allow  comparison of th e  ran k  o rd e r of to x ic  potency 
fo r  th e  d i f f e r e n t  congeners t h a t  had emerged frcm th e  enzyme 
in d u c tio n  work w ith  th e  rank  o rd e r in d ic a te d  by non-enzyme based 
m easurements in  immature an im als dosed d i r e c t ly .  The e f f e c t s  chosen 
were e f f e c t s  on organ w eigh ts, dermal to x ic i ty  and n e u ro to x ic i ty .
7 .1 Organ W eight Study
T his study was c a r r ie d  ou t to  compare th e  e f f e c t s  of d i f f e r e n t  PCB 
congeners on organ  w eigh ts and body w eight ga in s 14 days a f t e r  a 
s in g le  dose of 0.5 mmolKg- 1 PCB. S ix teen-day  o ld  fem ale r a t s  were 
used. The organ w eigh ts reco rded  a re  shown in  ta b le  7 .1 .  The 
g re a te s t  changes in  organ w eigh ts  were caused by PCBs 157 and 156 . 
R ats in  th e se  groups gained very  l i t t l e  in  body w eight over th e  14
days of th e  study and were th e  only groups t o  experience  a
s ig n i f ic a n t  decrease  (p<0.05) in  l i v e r  w e ig h t. These an im als a ls o  
showed marked a trophy of th e  thymus gland and sp lee n , as w e ll as
s u b s ta n t ia l  decreases  in  h e a r t  and kidney wei<£its.
155
T able 7 .1 . Organ w eigh ts  and body w eight ga ins in  fem ale 
w eanling r a t s  14 days a f t e r  a s in g le  i . p .  dose 
of 0.5 mmolKg- 1 PCB
Organ




PCB 189 PCB 118 PCB 97
Body w t. 6 8.5 10 .4 **** 1 1 .0 **** 67 .2 50 .9*** 64.1
g a in , g +8 .4 +12.7 +1 1 .6 +1.9 +3 .4 +1.9
L iv e r, 6 .66 4.6 9* 5.20* 6.40 7 .41 6 .41
g +0 .7 4 +1.62 +1.19 +0 .52 +0 .53 +0 .5 8
Thymus, 425 58**** 59**** 389 335 3 95
mg +74 +56 +3 8 +3 2 +52 +76
H eart, 515 250**** 299**** 501 432** 505
mg +4 9 +49 +84 +9 +36 +2 9
Spleen, 4 86 164**** 189**** 678*** 506 489
mg +52 +4 9 +85 +112 +65 +123
Kidneys, 1065 6 5 5**** 683**** 1092 942 1070
mg +107 +102 +114 +57 +62 +19
Values re p re se n t mean of 4 ra ts+ sd (7 r a t s in  c o n tro ls )
Values s ig n i f ic a n t ly  d i f f e r e n t  frcm 
* p<0.05; ** p<0.02; *** p<0
c o n tro ls :
.0 1 ; **** p<0 .0 0 1 .
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PCB 189 produced a s ig n if ic a n t  change (p<0.01) on ly  In sp lee n  w elgh t 
which was in c re a se d  over c o n tro ls .  R ats in  th e  PCB 97 group showed 
no s ig n i f ic a n t  changes, w ith mean v a lu e s  very  c lo se  to  th o se  of th e  
c o n tro l group. Hie responses to  PCB 118 were on th e  whole somewhere 
between th o se  of PCBs 157 and 189, producing a s ig n i f ic a n t  (b u t not 
a m ajor) d e c lin e  in  body w eight ga in  and in  h e a r t  w e ig h t. Thymus 
w eight was n o tic e a b ly  depressed , but no t to  a s t a t i s t i c a l l y  
s ig n i f ic a n t  e x te n t .
The r e s u l t s  of t h i s  study a re  expressed  in  term s o f th e  organ 
w eight:body w eight r a t i o  in  ta b le  7 .2 .  The o v e ra ll  p a t te rn  of 
response shown by th e  organtbody w eight r a t i o s  i s  s im ila r  to  t h a t  
shown by th e  organ w eigh t r e s u l t s  a lread y  d iscu ssed . The r a t i o  
r e s u l t s  however suggest a g re a te r  s im i la r i ty  between PCBs 189 and 
118.
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Table 7 .2 . Organ:body w eight r a t i o s  in  fem ale w eanling  
r a t s  14 days a f t e r  a s in g le  i . p .  dose of 
0 .5 mmol Kg-^ PCB
Organ Organ W eight : Body Weight R a tio
C ontro ls PCB 157 PCB 156 PCB 189 PCB 118 PCB 97
L iver 0.063 0.092*** 0.111*** 0.062 0.082*** 0.062
+0 .004 +0 .010 +0 .010 +0 .004 +0 .003 +0 .005
Thymus 4 .00 1.03*** 1.17*** 3.7 8 3.71 3 .81
+0.55 +0 .73 +0 .62 +0.3 9 +0.53 +0 .7 9
H eart 4 .85 5 .22 6 .41** 4.86 4.80 4.86
+0 .17 +0 .73 +1.18 +0 .19 +0 .3 9 +0 .33
Spleen 4 .63 3 .23* 3.87 6.59* 5.64 4.71
+0 .81 +0 .46 +0 .6 8 +1.23 +0 .93 +1.25
Kidneys 10.03 13 .25*** 14.86*** 10.58 10.44 10.29
+0 .5 8 +1.2 9 +2 .34 +0.56 +0 .4 9 +0 .21
Values re p re se n t mean o f 4 ra ts+ sd  (7 r a t s  In  c o n tro ls )  
V alues s ig n i f ic a n t ly  d i f f e r e n t  f ra n  c o n tro ls :
* p < 0 . 0 2 ;  ** p < 0 . 0 1 ;  ***  p < 0 . 0 0 1 .
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7 . 2  D e r m a l  T o x i c i t y  S t u d y
The e f f e c t s  of th e  a p p lic a t io n  of PCBs 157, 189 and 97 to  th e  sk in  
of h a i r le s s  mice were observed in  t h i s  s tu d y . The PCBs w ere a p p lie d , 
d is so lv e d  in  ace to n e , a t  a r a t e  of 1 mg d a ily  on f iv e  days each week 
fo r  s ix  weeks a f t e r  which sk in  h is to lo g y  was compared to  c o n tro ls  
which had re c e iv e d  acetone on ly .
The appearance of th e  l i v e  an im a ls ' sk in  showed th e  e f f e c t  of PCB 
157 a p p lic a t io n  a f t e r  th re e  weeks of tre a tm en t in  th e  case of th re e  
m ice, th e  sk in  becoming dry and sc a ly  in  appearance . A fo u r th  mouse 
showed no such e f f e c t s  even a f t e r  s ix  weeks. Mice t r e a te d  w ith  PCBs 
189 and 97 and c o n tro l mice a l l  appeared normal throughout th e  
experim ent.
The sk in  h is to lo g y  of th e  fo u r tre a tm e n ts  i s  shown in  th e  
photographs in  f ig u r e s  7 .1 - 7 .4 .  These show marked d if fe re n c e s  
between PCB 157 t r e a te d  mice and c o n tro ls .  Control mice showed an 
ep iderm is o f approxim ately two c e l l  la y e r s  th ic k  covered by a th in  
s t r a tu n  corneun. Sebaceous glands and sebaceous f o l l i c l e s  were 
abundant, th e  l a t t e r  being  a s s o c ia te d  w ith  minimal amounts of 
k e ra t in .  In  th e  derm is, numerous p i l a r  c y s ts  were seen  which 
appeared empty.
The PCB 157 t r e a te d  sam ples in  c o n tra s t  showed marked epiderm al 
h y p e rp la s ia  producing an ep iderm is of 8-9 c e l l  la y e r s  in  p la ce s , and 
o cc lud ing  some of th e  sebaceous f o l l i c l e s  which were much reduced in  
number. F o l l ic u la r  h y p e rk e ra to s is  was observed  in  th e  sebaceous
1 5 9
F i g u r e  7 , 1 . S k in  s e c t i o n  f ro m  h a i r l e s s  m ouse  ( c o n t r o l )  x 2 5 0 . N o te  
t h i n  s t r a t u m  c o m e u m  a n d  e p i d e r m i s ,  a n d  t h e  p r e s e n c e  
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F i g u r e  7 . 2 . S k in  s e c t i o n  f ro m  h a i r l e s s  m ouse  t r e a t e d  w i t h  PCB 1 5 7 , 
x 2 5 0 . N o te  h y p e r k e r a t i n i s a t i o n  o f  t h e  s t r a t u m  c o m e u m , 
e p id e r m a l  h y p e r p l a s i a ,  a b s e n c e  o f  s e b a c e o u s  g l a n d s ,a n d  
k e r a t i n  r i n g s  i n  i n t r a d e r m a  1 c y s t s .
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F i g u r e  7 . 3 . S k in  s e c t i o n  f ro m  h a i r l e s s  m ouse  t r e a t e d  w i th  PCB 1 8 9 , 
x 2 5 0 .  N o te  m i l d  e p id e r m a l  h y p e r p l a s i a  a n d  t h e  p r e s e n c e  
o f  s e b a c e o u s  g l a n d s .
S k in  s e c t i o n  f ro m  h a i r l e s s  m ouse  t r e a t e d  w i t h  PCB 9 7 , 
x 2 5 0 .  N o te  m i ld  e p id e r m a l  h y p e r p l a s i a  a n d  t h e  p r e s e n c e  
o f  s e b a c e o u s  g l a n d s .
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f o l l i c l e s  n o t occluded by ep iderm is. H y p e rk e ra tin isa tio n  of th e  
stra tum  comeum was n o tic e a b le .  Very few sebaceous glands were seen 
in  any of th e  PCB 157 sam ples. The p i l a r  c y s ts  in  th e  derm is 
appeared reduced in  nunber and co n ta in ed  numerous c o n ce n tric  k e ra t in  
r in g s .  These o b se rv a tio n s  were seen  in  th re e  out of th e  fo u r mice 
t r e a te d  w ith  PCB 157 . The fo u r th  mouse, whose sk in  had appeared 
normal in  th e  l i v e  an im al, showed th e se  f e a tu r e s  but to  a s l ig h t ly  
le s s e r  e x te n t .
The mice t r e a te d  w ith  PCBs 97 and 118 g e n e ra lly  showed th e  same 
resp o n ses  a s  th e  PCB 157 t r e a te d  mice but to  a n o tic e ab ly  le s s e r  
e x te n t . H yperp lasia  of th e  ep iderm is was seen r e s u l t in g  in  an  
ep iderm is of about 4 c e l l  la y e r s  in  p la c e s , w ith  seme tendency to  
occlude th e  sebaceous f o l l i c l e s .  The stra tum  corneurn showed m ild  
h y p e rk e ra t in is a t lo n . F o l l ic u la r  h y p e rk e ra to s is  was n o t e v id e n t. 
Sebaceous glands were abundant. P i la r  c y s ts  appeared a s  fo r  
c o n tro ls , being  abundant and empty. I t  was n o t p o s s ib le  to  
d is t in g u is h  between th e  resp o n ses  to  PCBs 189 and 97 . There was 
c lo se  s im i la r i ty  between d i f f e r e n t  mice in  t h e i r  responses to  th e  
same PCB.
7 .3 N eu ro to x ic ity  Study
This study was designed  t o  d e te c t n e u ro to x ic ity  in  th e  form of 
movement d is o rd e rs  ( 's p in n in g  syndrome”) in  th e  o f f sp r in g  of mice 
dosed w ith  PCB 16 9 30 mgKg-^day-1 on days 10-16 of g e s ta tio n .
The f iv e  c o n tro l dams used in  t h i s  study each su c c e ss fu lly  gave
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b ir th  to  and suck led  th e i r  l i t t e r s .  No a b n o rm a litie s  o r m o r t a l i t i e s  
were noted  throughout th e  experim ent which was te rm in a te d  fo r  each 
l i t t e r  a t  th e  age of s ix  weeks.
The o f f sp r in g  of th e  f iv e  dams which each re c e iv e d  PCB 16 9 shewed a 
high m o r ta l i ty  r a te .  One of th e  dams d ied  on th e  day b e fo re  d e liv e ry  
was due. Two dams produced l i t t e r s  bu t k i l l e d  th e  pups a t  b i r t h .  One 
dam k i l le d  her pups on th e  t h i r d  day a f te r  b i r t h .  The f i f t h  dam 
produced a l i t t e r  of seven pups of which she k i l l e d  two a few days 
a f t e r  b i r th  and suck led  f iv e  s u c c e s s fu lly .  These f iv e  pups were th e  
only o ff sp r in g  f ra n  PCB-dosed dams to  su rv iv e  u n t i l  th e  end of th e  
experim ent, during  which tim e no a b n o rm a litie s  of movement w ere 
d e te c te d . The tendency of th e  PCB-dosed dams to  k i l l  t h e i r  
o ff sp r in g  was a sc rib e d  to  a genera l f e e l in g  o f " i l ln e s s *  caused by 
th e  PCB. This conclusion  i s  supported  by th e  co n d itio n  of one of th e  
dams which k i l le d  i t s  l i t t e r  a t  b i r t h ,  a f t e r  which i t  was examined 
and found to  have accum ulated a la rg e  q u a n ti ty  of a s c i t i c  f l u i d .
7.4 D iscussion
7 .4 .1 Organ Weight Study
In t h i s  s tudy , PCBs 157 and 156 shewed th e  g re a te s t  e f f e c t s ,  
dep ress in g  body w eight ga in  and red u c in g  a l l  th e  organ w eig h ts  
m easured. They caused marked thym ic a tro p h y . PCB 118 depressed  on ly  
body weight gain  and h e a r t  w e ig h t, and in c re a se d  l i v e r  :body w eight 
r a t i o .  PCB 189 only in c reased  sp lee n  w e ig h t. PCB 97 had no 
s ig n if ic a n t  e f f e c t s  (p< 0 .05).
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Although th e  e f f e c t s  of th e  c h lo r in a te d  hydrocarbons on o rgan  
w eigh ts  have been f a i r l y  w ell s tu d ie d , of th e  r e p o r ts  t h a t  concern 
PCBs, r e la t iv e ly  few a re  of c o n g e n e r-sp e c if ic  s tu d ie s .  Park inson e t  
a l .(1 5 2 )  gave four-w eek o ld  Long Evans r a t s  a s in g le  i . p .  dose of a 
s in g le  PCB congener and k i l l e d  th e  anim als fo u r  days l a t e r .  They 
found t h a t  PCBs 157, 156, 189 and 118 caused no s ig n i f ic a n t  lo s s  in  
body w eight but a l l  of them caused an approx im ately  equal in c re a se  
in  th e  l i v e r  rbody w eight r a t i o ,  th a t  due to  PCB 189 b e in g  s l i g h t ly  
l e s s  th a n  th e  o th e rs . A s ig n i f ic a n t  decrease  in  th e  thymus:body 
w eight r a t i o  was caused on ly  by PCBs 156 and 157 . They a lso  te s t e d  
PCB 16 9 and observed a marked d e c lin e  in  both body and thymus 
w eigh t, as expected  f ra n  th i s  r e l a t iv e ly  to x ic  congener. I t  i s  
in te r e s t in g  th a t  no s ig n i f ic a n t  change in  th e  l i v e r  :body w eight 
r a t i o  was caused by PCB 16 9. T he ir da ta  su g g es ts  a ran k  o rd e r of 
congener to x ic i ty  of PCB 169 >PCB 156 >PCB 157 >PCB 118=PCB 189.
Leece e t  a l.(1 7 1 )  determ ined  th e  doses re q u ire d  to  cause re d u c tio n s  
of 25% and 50% in  body and thymus w eig h ts  o f 30-day o ld  fem ale 
W istar r a t s  14 days a f t e r  a s in g le  i . p .  dose. R ie ir  r e s u l t s  ag ree  
w ith  those of Parkinson e t . a l .  w ith  re sp e c t to  th e  o rd er of potency 
of PCBs 16 9, 156, 157 and 118; they  d id  n o t t e s t  PCB 189.
PCB 16 9 was n o t used in  t h i s  s tudy , as i t s  e f f e c t s  on o rgan  w eigh ts  
in  r a t s  have a lread y  been w e ll e s ta b lis h e d . PCB 156 was in c lu d ed  to  
provide ano ther m ono-ortho s u b s t i tu te d  hexach io rob ipheny l fo r  
comparison w ith  PCB 157, and to  f a c i l i t a t e  com parison of t h i s  study 
w ith s im ila r  pub lished  work.
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As Park inson and S afe  (74) have po in ted  o u t, th e  tim e co u rses of 
th ese  d i f f e r e n t  e f f e c t s  a re  no t a l l  th e  same, body w eight lo s s  
ta k in g  lo n g er to  develop th an  thym ic a tro p h y . In  f a c t  th e  s tu d ie s  
of Parkinson e t  a l .  and Leece e t .  a l .  r e f e r r e d  to  above in d ic a te  
t h a t  i t  i s  p re fe ra b le  to  a llow  a t  l e a s t  two weeks fo r  th e  e f f e c t s  of 
th e  l e s s  to x ic  congeners on both body and thymus w eig h ts  to  show. 
This i s  in  c o n tra s t  to  th e  in c re a se  in  l i v e r  w eigh t which occurs 
w ith in  a few days. I t  does n o t appear th a t  thymic atrophy  is
com plete w ith in  f iv e  days, as suggested  by P ark inson and S afe  (7 4 ) . 
In  t h i s  study , i t  was f e l t  necessary  to  allow  about two weeks fo r  
th e  e f f e c t s  on organ w e ig h ts  to  shew. The r e s u l t s  allow  some 
d is t in c t io n  to  be made between th e  l e s s  to x ic  congeners, su g g es tin g  
an o rd e r of potency of PCB 157=PCB 156 >PCB 118 >PCB 189 >PCB 97 . 
However, th e  d i s t in c t io n  between PCBs 118 and 189 i s  tenuous.
The e f f e c t s  of th e  c h lo r in a te d  hydrocarbons, as a broad chem ical 
c la s s ,  on organ w eigh ts  have been review ed by McConnell (151) and 
th e  changes found in  t h i s  study were m ainly those th a t  would be 
expected  w ith  th i s  c la s s  o f chem icals. One anomaly was th e  decrease  
in  ab so lu te  h e a r t  w eigh t seen  w ith  PCBs 157, 156 and 118. The
expected in c rease  in  h ea rt:b o d y  r a t i o  was only  seen w ith  PCB 156 . 
A bsolute l i v e r  w eigh t a ls o  d ec lin ed  w ith  PCBs 157 and 156. Although 
th e  d ec lin e  in  a b so lu te  kidney w eight seen w ith  th ese  two PCBs was 
expected , the  In c rease  which they caused in  th e  kidney:body w eight 
r a t i o  was n o t. I t  must be borne in  mind however th a t  these  expected  
e f f e c t s  a re  based m ainly on s tu d ie s  w ith  compounds such as TCDD, 
ra th e r  th an  s p e c if ic a l ly  on s tu d ie s  w ith  PCBs.
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A s in g le  PCB congener was hcwever used by Yamamoto e t  a l .  (71) who 
a d n in is te r e d  a s in g le  o ra l dose of 150 mgKg-1 of 2 ,3 ,3 ' ,4 ,4 '
-p en tach lo ro b ip h en y l to  r a t s .  A fte r eic£it days, l i v e r  and sp lee n  
w eig h ts  had d ec lin ed  both as a b so lu te  w eigh t and a s  organ:body 
w eight r a t i o ,  w hile  kidneys and h e a r t  w e ig h ts  had d ec lin ed  a s  th e  
a b so lu te  w e ig h t and in c re ase d  a s  th e  r a t i o .  The r e s u l t s  fo r  th i s  
p en tach lo ro b ip h en y l g e n e ra lly  r e f l e c t  those  fo r  PCBs 156 and 157 
recorded  in  t h i s  study , except fo r  t h e i r  e f f e c t  on th e  l i v e r  sbody 
w eight r a t i o .
The sp lee n  r e s u l t s  were of p a r t ic u la r  I n t e r e s t .  As d iscu ssed  in  
ch ap te r fo u r ,  the  w eigh t of t h i s  organ (and th e  organ:body w eight 
r a t i o )  seem g en e ra lly  to  be decreased  by h igher doses and In c reased  
by lower doses of a given c h lo r in a te d  hydrocarbon. Both th ese  
param eters  were decreased  by PCB 157 • PCB 156 decreased  a b so lu te  
sp leen  w eig h t but th e  r a t i o  was unchanged. PCB 189 in c reased  both 
m easurem ents. PCBs 118 and 97 had no e f f e c t  on e i th e r  of them. 
Hcwever as th e  e f f e c t  of high to x ic i ty  seems to  be th e  re v e rse  to  
th a t  of lew to x ic i ty ,  th e re  must be a c ro ss-o v e r p o in t (of 
in te rm e d ia te  to x ic i ty )  somewhere in  between a t  which no e f f e c t  on 
sp leen  w e ig h t i s  seen. The e f fe c t  of PCBs 118 or 97 (o r  both) could  
th e re fo re  l i e  on t h i s  p o in t. Although t h i s  re a so n in g  i s  c o n je c tu re , 
i t  does su p p o rt th e  te n ta t iv e  rank  o rder of potency proposed above, 
i . e .  PCB 157 >PCB 156 >PCB 118 >PCB 189 >PCB 97.
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7 .4  .2  D e rm a l T o x i c i t y  S tu d y
S u b s ta n tia l  d if fe re n c e s  In  th e  h is to lo g y  of h a i r l e s s  mouse sk in  were 
observed a f t e r  to p ic a l a p p lic a t io n  of PCB 157 fo r s ix  weeks, in  
com parison w ith  c o n tro ls .  Epidermal h y p e rp la s ia , h y p e rk e ra to s is  of 
th e  s t r a tu n  corneum, d isappearance  of sebaceous g lands, f o l l i c u l a r  
h y p e rk e ra to s is , red u c tio n  in  th e  nunber of sebaceous f o l l i c l e s  and 
th e  appearance of c o n ce n tric  k e ra t in  r in g s  w ith in  th e  p i l a r  c y s ts  of 
th e  derm is were a l l  n o tic e a b le . PCBs 189 and 97 produced th e  same 
e f f e c t s  but to  a much l e s s e r  degree than  PCB 157. PCBs 189 and 97 
showed equal potency in  e l i c i t i n g  th e se  e f f e c t s .
Dermal to x ic i ty  due to  PCBs h as been observed  in  cows, monkeys and 
man a s  w e ll as in  r a b b i t  e a rs  and h a i r l e s s  mice (1 0 ,1 7 2 ,1 7 3 ,1 7 4 ). 
Vos and Beeros (17 5) a p p lie d  commercial PCB m ix tu res t o  th e  backs of 
a d u lt  New Zealand r a b b i t s  and observed  s k in  le s io n s  c o n s is tin g  of 
h y p e rp la s ia  and h y p e rk e ra to s is  of th e  epiderm al and f o l l i c u l a r  
ep ith e liu m , w ith th e  k e ra t in is a t io n  of th e  h a i r  f o l l i c l e s .
Puhvel e t  a l.(1 7 6 )  a p p lie d  AROOjOR 1254 d is so lv e d  in  acetone  to  th e  
backs of h a i r le s s  m ice. They observed no g ro ss  o r h is to lo g ic a l  
changes a f t e r  app ly ing  3mg fo u r tim es a week fo r  s ix  weeks, in  
e i th e r  Skh:HR-l or HRS/J s t r a in s .  Phenoclor 54 (0 .2  mg f iv e  tim es a 
week fo r  te n  weeks) produced no gross changes but h is to lo g ic a l  
exam ination shewed h y p e rk e ra to s is  o f th e  stra tum  corneun, epiderm al 
h y p e rp la s ia , d isappearance of sebaceous glands and th e  presence of 
k e ra t in ls e d  c y s ts  in  th e  derm is. Both mouse s t r a in s  shewed th e se  
e f f e c t s .
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Puhvel and h i s  coworkers a ls o  a p p lie d  3,3 ' ,4 ,4 ' - t e t r a c h l  or obi phenyl 
(TCB) 0.2 mg f iv e  tim es a week fo r  10 weeks to  h i s  h a i r l e s s  m ice. In  
th e  Skh:HR-l s t r a i n  they  observed marked f o l l i c u l a r  h y p e rk e ra to s is , 
epiderm al h y p e rp la s ia , h y p e rk e ra t in is a t io n  of th e  stra tum  corneim 
and th e  d isappearance of sebaceous g lan d s. In trad erm al p i l a r  c y s ts  
had f i l l e d  w ith  k e ra tin , appearing  a s  c o n c e n tr ic  r in g s  w ith in  th e  
c y s ts .  These c y s ts  had ru p tu re d  in  p la c e s , g iv in g  r i s e  to  a lo c a l  
inflam m atory re a c tio n  which was v i s i b l e  on g ro ss  in s p e c tio n  a s  w h ite  
p in h ead -s ized  sp o ts  on th e  sk in . However th e  HRS/J s t r a i n  showed no 
such w h ite  sp o ts  on th e  sk in  which was sh iny  and s c a ly .  A s im ila r  
p a t te rn  o f h is to lo g ic a l  changes was n o ted , but w ith  no ru p tu r in g  of 
dermal c y s ts .
The study of Puhvel e t  a l .  d e sc rib ed  above was n o ta b le  in  t h a t  i t  
produced some d if fe re n c e s  in  response between th e  two s t r a in s  of 
mouse used and which th e  a u th o rs  w ere unable to  e x p la in . However, 
t h e i r  d e s c r ip tio n s  sug g est th a t  th e  d if f e r e n c e s  may only have been 
of th e  degree of response , w ith th e  Skh :HR-1 mice shewing g re a te r  
s e n s i t iv i ty  to  TCB. In  th e  p re sen t s tudy , th e  changes produced in  
MFl-hr mice were more c o n s is te n t  w ith  those  seen  by Puhvel e t  a l .  in  
th e  HRS/J s t r a in ,  in  t h a t  no ru p tu r in g  o f th e  k e ra t in is e d
in trad e rm a l c y s ts  o ccu rred  and th e  sk in  became sc a ly  w ithou t any 
sp o ts . The o th e r h i s to lo g ic a l  changes were of th e  type observed by 
Puhvel e t  a l .
The r e s u l t s  f ra n  t h i s  s tudy  in d ic a te  t h a t  PCB 157 i s  m arkedly more 
to x ic  th a n  e i th e r  PCBs 189 or 97, and t h a t  th e  l a t t e r  two show 
broadly  s im ila r  p o te n c ie s  under th e  c o n d itio n s  used in  t h i s  study .
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7 .4  .3  N e u r o t o x i c i t y  S tu d y
I t  h as  been e s ta b lis h e d  t h a t  PCBs can cause n e u ro to x ic ity  in  s e v e ra l 
sp ec ie s  of anim als and b ird s  (1 0 ) . A roclor 1254, fo r  example, has 
been re p o rte d  to  su p re ss  th e  avoidance response  of q u a il  ch icks 
(1 7 7 ), and to  depress spontaneous motor a c t i v i t y  in  mice w h ile  
in h ib i t in g  uptake and re le a s e  of n e u ro tra n s m ltte rs  (1 7 8 ). 
N eurobehavioral e f f e c t s  w ere d e tec te d  in  r a t  pups suck led  by dams 
exposed to  AROCLQR 1254 in  t h e i r  d ie t  th roughout g e s ta t io n  and 
l a c t a t io n .  The e f f e c t s  in c lu d ed  delayed  a u d ito ry  s t a r t l e  and a i r  
r ig h t in g  r e f le x  caused by 26 ppm PCBs in  th e  d ie t  (1 5 0 ). Mele e t  
a l .(1 7 9 )  concluded t h a t  th e  p e r in a ta l  exposure of rhesus monkeys 
to  AROCLOR 1248 had caused  fu n c tio n a l changes in  response  r a t e  and 
locom otor a c t i v i ty  when th e  an im als were t e s t e d  a t  age f iv e  y e a r s .  
Chen e t  a l .  (56) observed  symptoms of p e r ip h e ra l neuropathy, 
in c lu d in g  p a re s th e s ia  of th e  lim bs and p a in  in  th e  lim b s, amongst 
v ic tim s  of th e  PCB p o iso n in g  in c id e n t which occurred  in  Taiwan in  
197 9 . T es ts  re v ea led  abnorm ally lew conduction  v e lo c i t i e s  in  
motor and sensory  n erv es.
Chou e t  a l .(1 8 0 )  observed  a permanent motor d is tu rb an ce  ( 's p in n in g  
syndrome") in  w eanling  CD-I mice suck led  by dams dosed w ith  
3 , 4 , 3 ' , 4 te tra c h lo ro b ip h e n y l (TCB) d a ily  from day 10 to  day 16 of 
g e s ta t io n , and found t h a t  t h i s  syndrome was a s s o c ia te d  w ith  
h is to lo g ic a l  ab n o rm a litie s  in  c e r ta in  CNS nerve r o o ts .  The syndrome 
was c h a ra c te r is e d  by b o u ts  of ra p id  c i r c l in g  movements of up to  150 
tu rn s  per m inute w ith  g en era l r e s t le s s n e s s  and h y p e ra c t iv i ty .  Based 
on t h i s  r e p o r t  i t  was hoped to  use th e  sp in n in g  syndrome a s  a model
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fo r  PCB induced n e u ro to x ic ity  to  compare d i f f e r e n t  PCB congeners 
ackn in istered  to  dams during  g e s ta tio n .
The study dem onstrated th e  general to x ic i ty  of PCB 16 9 in  th e  
dams, but f a i l e d  to  dem onstrate  any n e u ro to x ic ity  in  th e  o f f s p r in g  
which su rv iv ed . I t  was concluded th a t  s in ce  PCB 169 had f a i l e d  to  
cause th e  "sp inning  syndrome” a t  t h i s  r e l a t iv e ly  high dose, i t  was 
very  u n lik e ly  th a t  any of th e  o th e r PCB congeners would do so , a t  
l e a s t  in  CILP mice, and so  no o th e r congeners w ere te s t e d  in  t h i s  
s tu d y . As d i f f e r e n t  mouse s t r a in s  may vary in  t h e i r  s u s c e p t ib i l i ty  
to  t h i s  syndrome, fu r th e r  work cou ld  u s e fu lly  be c a r r ie d  ou t w ith  
PCB 16 9 (o r  b e t te r  s t i l l  w ith  TCB) to  e s ta b l i s h  th e  most s u i ta b le  
anim al model fo r  such s tu d ie s  b e fo re  going on to  lo o k  a t  th e  e f f e c t s  




B .1 Sunmary of Main R e su lts
In  t h i s  s tudy , a s e r ie s  of PCB congeners w ere sy n th es iz ed , p u r i f ie d  
and ad m in is te red  to  l a c t a t i n g  r a t s .  T heir e f f e c t s  w ere m easured in  
th e  suck led  pups a t  weaning, in  o rd e r to  compare t h e i r  to x ic  
p o te n c ie s  a f t e r  t r a n s f e r  in  m ilk . On th e  b a s is  o f th e  l i v e r  
param eters measured (cytochrom e P-450 c o n c e n tra tio n , a n i l in e  
hydroxylase  and am inopyrine dem ethylase a c t i v i t i e s ,  microsomal 
p ro te in  c o n ce n tra tio n  and liv e rsb o d y  w eight r a t i o s )  and th e  l i t t e r  
s iz e  and body weight changes, th e  o rder of potency was found to  be 
PCB 16 9 >PCB 157 >PCB 118 >PCB 189 >PCB 97. PCB 16 9 produced marked 
changes in  th e  pups w h ile  PCB 97 had very  m ild  e f f e c t s .  This rank  
o rd e r was in  agreement w ith  th a t  in d ic a te d  by th e  e f f e c t  of th ese  
congeners on organ w e ig h ts  in  s ix te en -d a y  o ld  r a t  pups dosed 
d i r e c t ly  and in  agreem ent w ith  p u b lish ed  r e p o r ts  on th e  e f f e c t s  of 
some of these  congeners on o rgan  w eig h ts  in  w eanling  r a t s .  The 
g re a te r  potency of PCB 157 compared to  PCBs 189 and 97 was confirm ed 
by th e i r  e f f e c t s  on sk in  h is to lo g y  in  h a i r l e s s  mice a f t e r  d i r e c t  
to p i c a l ap p lica  t i  on.
Such a r e s u l t  in d ic a te s  t h a t  th e  c o n ce n tra tio n s  o f PCBs 169, 157, 
118 and 189 w il l  have a g re a te r  e f f e c t  on th e  t o t a l  to x ic i ty  of th e  
PCB burden in  b re a s t m ilk  th an  w i l l  th e  le v e l s  of PCB 97.
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No sex  d if f e r e n c e s  in  th e  in d u c tiv e  e f f e c t s  of th e  congeners used 
were observed .
In c o n tra s t  to  th e  o th e r  congeners used, PCBs 16 9 and 157 caused 
changes in  second l i t t e r s ,  a lthough no f u r th e r  exposure of th e  dam 
to  PCBs had o ccu rred .
8.2 PCB Mode of A ction : R eceptor B inding
As m entioned in  s e c t io n  1 .8 .4 ,  th re e  main s t r u c tu r a l  groups of PCBs 
(c o p la n a r , mono-ortho and d i-o r th o  congeners) have been id e n t i f i e d  
w ith  re s p e c t to  t h e i r  b io lo g ic a l e f f e c t s ,  which have been ex p la in ed  
in  term s of th e  s t e r l c  I n te r a c t io n  of th e  PCB m olecule w ith  th e  Ah 
re c e p to r  (7 0 ) . PCBs shew e f f e c t s  in  common w ith  those  of th e  
p o ly c h lo rin a te d  d ib en zo -p -d io x in s , th e  most p o ten t of which i s  th e  
cop lanar 2 ,3 ,7 ,8 - te tra c h lo ro d ib e n z o -p -d io x in  (TCDD). The poly­
c h lo r in a te d  dibenzof u ran s , of which th e  most p o ten t i s  th e  cop lanar
2.3 ,7 ,8 - te t r a c h l  or odibenz of uran (TCDF) a ls o  shew s im ila r  to x ic  
e f f e c t s  t o  th e  PCBs. TCDD and TCDF a re  hcwever much more p o ten t th an  
any of th e  PCBs (1 8 1 ,1 8 2 ), th e  form er being  regarded  a s  one of th e  
most to x ic  su b stan ces  known (1 8 3 ,1 8 4 ). Both TCDD and TCDF a re  
though t to  e x e r t  t h e i r  e f f e c t s  by b ind ing  to  th e  Ah re c e p to r , t h e i r  
high b ind ing  a f f i n i t i e s  being  due in  p a r t  to  th e  p la n a r i ty  of th e  
m olecu le. T heir s t r u c tu r a l  s im i l a r i t i e s  w ith  th e  cop lanar PCBs have 
been noted  (1 8 5 ). The m olecu lar s t r u c tu r e s  o f TCDD and th e  cop lanar 
PCB 16 9 a re  shewn in  f ig u r e  8 .1 .
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3 , 3 ' ,4 ,4 ' ,5 ,5 ' -hexachlorobiphenyl 2 ,3 ,7 ,8-tetxachlorodibenzo-p-dioxin
(PCB 169) (TCDD)
S i m i l a r l y ,  th e  l a c k  o f  o r th o  s u b s t i t u e n t s  i n  t h e  m o le c u le  o f  PCB 16 9 
r e s u l t s  i n  p l a n a r i t y ,  so  t h a t  th e  a f f i n i t y  fo r  th e  r e c e p to r  i s  
r e l a t i v e l y  h ig h .  C o n v erse ly ,  th e  p r e se n c e  of o r th o  s u b s t i t u e n t s  
d i s r u p t s  m o le c u la r  p la n a r i t y  and d e c r e a s e s  b in d in g .  T h is  th e o r y  was 
put forw ard  by Poland and G lover (1 86)  who d eterm in ed  t h e  a f f i n i t i e s  
o f  a s e r i e s  o f  h a lo g e n a te d  compounds by m easur in g  t h e  c o n c e n t r a t io n  
o f th e  compound r e q u ir e d  t o  cau se  a 50% r e d u c t io n  i n  t h e  b in d in g  o f  
[ 3H] TCDD t o  t h e  Ah r e c e p to r  i n  t h e  c h ic k e n  embryo, i . e .  t o  
c o m p e t i t i v e l y  d i s p l a c e  th e  [ 3 H] TCDD. They found t h a t  3 , 3 ' , 4 , 4 ' -  
t e t r a c h l  or ob i p henyl d is p la y e d  a h ig h  a f f i n i t y .  They were unable  t o  
measure t h e  ex a c t  a f f i n i t y  of PCB 16 9 by t h i s  method b ecau se  of i t s  
poor aqueous s o l u b i l i t y  but th ey  d id  f i n d  t h a t  i t  d i s p l a c e d  TCDD t o  
a marked e x t e n t .  The same w orkers  a l s o  found  t h a t  o n ly  
3 ,3 ' ,4 ,4 t e t r a c h l  or ob i phenyl and PCB 16 9 induced  AHH i n  t h e  c h ic k e n  
embryo, w h i le  th e  d i - o r t h o  s u b s t i t u t e d  c o n g e n e r s  th e y  t e s t e d  d id  
n o t .  The same co p la n a r  PCBs ind u ced  AHH in  t h e  r a t  t o  a marked  
e x t e n t  w h i l e  th e  d i - o r t h o  co n g en ers  d id  so  o n ly  t o  a v e r y  m ild  
e x t e n t .  The co n g en ers  which w ere a c t i v e  in d u c e r s  o f  AHH d id  n o t  
induce am inopyrine d em eth y lase  and v i c e - v e r s a .  In o th e r  words th ey  
were e i t h e r  MC- or FB-type in d u c e r s .
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8 .3  S t r u c t u r e - A c t i v i t y  R e l a t i o n s h i p s
8 .3 .1 C o rre la tio n s  between Ah Receptor B inding , T o x ic ity  and Enzyme 
In d u c tio n
The choice of congeners used in  t h i s  study provided  a range of th e  
h ig h e r (p e n ta - ,  hexa- and h e p ta -)  c h lo r in a te d  b ipheny ls  and a 
v a r ie ty  of s u b s t i tu t io n  p a t te rn s .  Higher c h lo r in a te d  congeners were 
chosen because they  a re  in  general more abundant in  hunan m ilk  th an  
th e  low er c h lo r in a te d  PCBs (3 4 ,3 6 ) . A lso, a l l  th e  congeners used 
have been id e n t i f ie d  in  hunan m ilk  w ith  th e  excep tion  of PCB 169 
(3 4 ) . As ta b le  2 .1  in  ch ap te r two shows, th e  congeners c o n s is te d  of 
one d l-o r th o  s u b s t i tu te d  p en tach io ro b ip h en y l (PCB 9 7 ), one 
m ono-ortho s u b s t i tu te d  p en ta  chi or obi phenyl (PCB 1 1 8 ), two m ono-ortho 
s u b s t i tu te d  hexach lo rob ipheny ls  (PCBs 156 and 157), one cop lanar 
hexa chi or obi phenyl (PCB 16 9) and one m ono-ortho s u b s t i tu te d  
h ep tach lo ro b ip h en y l. PCB 156 was n o t used in  th e  m ilk  t r a n s f e r  
s tu d ie s  d e sc rib ed  in  ch ap te r f iv e  due to  a sh o rtage  of m a te r ia l .
PCB 16 9, th e  only cop lanar congener used, was c le a r ly  th e  most to x ic  
co n s id e rin g  t h a t  i t  was used a t  a dose le v e l  one te n th  th a t  of th e  
o th e r congeners. This was expected  on th e  b a s is  o f c u rre n t 
q u a n t i ta t iv e  s t r u c tu r e - a c t iv i ty  r e la t io n s h ip  ( QSAR) th e o ry , which 
has been d esc rib ed  by S afe  e t  a l . ( 7 0 ) .  Those cop lanar PCBs which a re  
s u b s t i tu te d  in  both para  and in  two or more meta p o s it io n s , such as 
3 , 4 , 4 ' ,5 - te tra c h lo ro b ip h e n y l, 3 , 3 ' , 4 , 4 ' - te tra c h lo ro b ip h e n y l and
3 ,3 ’ ,4 ,4 ' ,5 ,5 '-h ex a  chi or obi phenyl (PCB 16 9) d isp la y  th e  g re a te s t  
t o x l c i t i e s  in  a v a r ie ty  of t e s t s .  They a re  a ls o  MC-type enzyme
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inducers (see  s e c tio n  1 .8 .2 ) .  These congeners shew th e  h ig h e s t 
a f f i n i t i e s  fo r  th e  Ah re c e p to r  in  h e p a tic  c y to so l (1 4 5 ).
Yoshimura e t  a l .  (168) found th a t  PCBs 169 and 3 , 3 ' , 4 , 4 '  ,5 -  
p en tach io ro b i phenyl ( both cop lanar congeners) a t  doses o f 10 mgKg-* 
caused s ig n i f ic a n t  changes (p<0.05) in  th e  w e ig h ts  of l i v e r ,  sp leen  
and thymus gland in  a d u l t  r a t s  w hereas s im ila r  or g re a te r  doses of 
mono- and d i-  o rth o  congeners d id  n o t. McKinney e t  a l .(1 8 1 )  fed  
v a rio u s  hexa chi or obi phenyls to  d a y -d d  ch ick s  a t  a dose of 400 ppm 
in  t h e i r  d ie t ,  and found t h a t  PCB 169 caused 100% m o r ta l i ty , marked 
thym ic in v o lu tio n , d e p le tio n  of lym phocytes in  th e  sp leen , m ild 
h e p a to to x ic ity  and a g e n e ra lis e d  oedema. By com parison, four 
congeners each p o sse ss in g  two or more o r th o  s u b s t i tu e n ts  caused 
m o r ta l i ty  which d id  n o t exceed 10% fo r any congener, only s l ig h t  
thym ic in v o lu tio n , no to x ic i ty  in  th e  sp lee n  and no oedema except 
fo r  oedema of th e  endocardium caused by one congener. Hcwever, 
h e p a to to x ic ity  was g re a te r  than  w ith  PCB 16 9 .
Biocca e t  a l .(1 8 7 )  fed  mice PCB 16 9 or some of th e  o rth o  s u b s t i tu te d  
congeners used by McKinney e t  a l .  a t  a dose of 3 00 ppm in  t h e i r  d ie t  
fo r  28 days (30 ppm fo r  PCB 1 6 9 ). They found a s im ila r  d if fe re n c e  in  
to x ic i ty  to  t h a t  observed by McKinney e t  a l . ,  w ith  PCB 16 9 be in g  f a r  
more to x ic  to  thymus and sp lee n  but a ls o  to  th e  l i v e r .  In  a d d it io n , 
PCB 16 9 was th e  only congener used th a t  caused p o rp h y ria .
PCBs 157, 156 , 189 and 118 a re  m ono-ortho s u b s t i tu te d  congeners. 
Although t h i s  s t r u c tu r a l  group shews a range of to x ic  e f f e c t s  
s im ila r  to  th e  cop lanar PCBs (71,188) they  appear to  be g e n e ra lly
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le s s  to x ic ,  fo r example in  t h e i r  e f f e c t s  on th e  thymus (1 5 2 ,1 7 1 ). In  
th e  study by Xoshlmura e t  a l .(1 6 8 )  a lre a d y  d esc rib ed  I t  was found 
th a t  2 , 3 , 4 , 4 ' - te t r a c h lo ro -  and 2 , 3 , 3 ' , 4 , 4 '-p en tac h io ro b ip h e n y l 
f a i l e d  to  s ig n i f ic a n t ly  change (p<0.05) th e  w e ig h ts  of th e  l i v e r ,  
sp leen  and thymus In  a d u l t  r a t s  w hereas co p lan ar congeners d id . They 
show a lcw er a f f i n i t y  fo r  th e  Ah re c e p to r  (145) and a re  m ixed-type 
enzyme In d ucers  (12 3 ,1 2 4 ).
PCS 97 i s  a d i-o r th o  s u b s t i tu te d  congener. T his group shows th e  
low est Ah re c e p to r a f f i n i t i e s  of a l l  th e  PCBs (145) and th ey  a re  
m ixed-type enzyme In d ucers  (1 4 6 ) . They a re  g e n e ra lly  con sid ered  to  
be of low er potency than  th e  m ono-ortho congeners but th e re  i s  
l i t t l e  in fo rm atio n  a v a i la b le  to  su p p o rt t h i s .  They a re  however known 
to  be m arkedly le s s  to x ic  th a n  some of th e  cop lanar congeners as 
a lread y  in d ic a te d . S tonard  and G reig  (189) re p o r te d  t h a t  d i-o r th o  
s u b s t i tu te d  congeners caused p o rp h y ria  In  r a t s .
The QSAR th eo ry  su g g ests  th e re  i s  a c o r r e la t io n  between th e  enzyme 
in d u c tio n  p a t te rn  ( p a r t i c u la r ly  AHH in d u c tio n ) , re c ep to r b ind ing  and 
general to x ic  potency of th e  PCBs. T his re p re s e n ts  a m ajor p a r t  of 
th e  c u rre n t th in k in g  about th e  to x ico lo g y  of th e  h a logena ted  
hydrocarbons in  general and th e  PCBs in  p a r t i c u la r  and h as been 
e n th u s ia s t ic a l ly  supported  b y  Safe and co-w orkers (1 0 ,1 9 0 ,7 0 ) . 
However, th e re  i s  s t i l l  a p au c ity  of to x ic i ty  data  to  sup p o rt th i s  
th eo ry  fo r  th e  PCBs excep t in  broad te rm s. Neal (191) h as p o in ted  
out t h a t  th e  wide v a r ia t io n  in  to x ic i ty  to  TCDD shown by d i f f e r e n t  
sp ec ie s  ( s in g le  o ra l LD50 v a lu es  being  2 mcgKg-1 in  th e  guinea pi g 
compared to  5051 mcgKg-1 in  th e  ham ster) i s  n o t a s s o c ia te d  w ith  a
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s im ila r  v a r ia t io n  in  th e  co n ce n tra tio n  of th e  h e p a tic  Ah re c e p to r , 
which i s  o f th e  same o rder of magnitude in  each of th ese  d i f f e r e n t  
sp e c ie s . The d if fe re n c e s  between sp e c ie s  in  t h e i r  s e n s i t iv i ty  to  
TCDD cannot be ex p la in ed  by d i f f e r e n t  re c e p to r  a f f i n i t i e s  o r by 
d i f f e r e n t  r a t e s  of e lim in a tio n  of TCDD. A s im ila r  wide v a r ia t io n  can 
be seen in  th e  s e n s i t iv i ty  of d i f f e r e n t  sp e c ie s  to  thym ic a tro p h y . 
However, th e  v a l id i ty  of comparing d i f f e r e n t  sp e c ie s  in  t h i s  way 
seems q u e s tio n a b le .
8 .3 .2 OSAR; Metabolism
E arly  work by Grant e t  a l .  (98) in d ic a te d  th a t  th e  r a t e  of 
e lim in a tio n  of PCBs frcm v a rio u s  organs in  r a t s  was f a s t e r  fo r  th e  
lower th an  fo r  th e  hi<£ier congeners. The s i tu a t io n  was c l a r i f i e d  by 
th e  study of Gage and Holm (102) who ad m in is te red  s in g le  o ra l  doses 
of a s e r ie s  of 14 PCB congeners (ran g in g  frcm d ic h lo ro -  to  
hexa chi or obi phenyls) to  mice and measured th e  c o n ce n tra tio n s  in  f a t ,
7 and 21 days a f t e r  dosing . They concluded t h a t  th e  r e te n t io n  o f a 
congener in  f a t  i s  dependent on i t s  r e s is ta n c e  to  m e tab o lic  
d eg rad a tio n  and th a t  such re s is ta n c e  depends on th e  p o s i t io n  of th e  
ch lo rin e  atoms in  th e  m olecule ( i . e .  th e  s u b s t i tu t io n  p a tte rn )  
ra th e r  than  on th e  t o t a l  nimber of ch lo rin e  atoms p re s e n t. They 
found th a t  th e  most r a p id  r a t e  of e lim in a tio n  occu rred  w ith  
congeners in  which th e  a d jac e n t p o s it io n s  2 , 3 and 4 (on a t  l e a s t  
one r in g )  were u n su b s titu te d  ( i . e .  f r e e  of c h lo rin e  atoms) and th a t  
th e  presence of ch lo rin e  atoms in  o r th o  p o s i t io n s  e lsew here in  th e  
m olecule d id  no t n o tic e ab ly  r e ta rd  e lim in a tio n . M oderately ra p id  
lo s s  frcm f a t  occurred  i f  only an a d ja c e n t 2,3 p a i r  was
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u n su b s titu te d  but th e  presence of c h lo r in e s  in  th e  rem ain ing  o r th o
p o s it io n s  slowed t h i s  down. In  c o n tra s t ,  f a i r l y  ra p id  e l im in a tio n
o ccu rred  i f  only a 3 ,4  p a ir  was f r e e  but th e  p resence of o r th o
c h lo r in e s  had no e f f e c t .  The same w orkers a ls o  compared th e
14r e te n t io n  of r a d io a c t iv i ty  frcm two [ C]- la b e l le d
hexach io rob ipheny ls  w ith  th e  r e te n t io n  of each congener as In d ic a te d  
by GC a n a ly s is ,  and t h e i r  r e s u l t s  suggested  th a t  PCBs a re  s to re d  
unchanged in  f a t .
The r e s u l t s  of o th e r s tu d ie s  ten d  to  su p p o rt th e  con clu sio n s  o f Gage 
and Holm. Matthews and Anderson (192) a ls o  concluded th a t  very  
l i t t l e  of th e  PCBs s to re d  in  animal t i s s u e s  was p re se n t a s  
m e ta b o lite s , s to rag e  of th e  unchanged p a re n t PCB being  th e  r u le .  
They found th a t  fo llo w in g  o ra l  or In trav en o u s a d m in is tra tio n  t o  
r a t s ,  PCBs a re  s to re d  in  th e  l i v e r  and m uscle because th ese  t i s s u e s  
a re  w e ll p e rfu sed , but over th e  succeeding  days and weeks a gradual 
r e d is t r ib u t io n  occurs  in to  ad ipose t i s s u e  and sk in , which a re  s i t e s  
of h igher a f f i n i t y  fo r  PCBs but a re  l e s s  w e ll p e rfu sed . T heir 
r e s u l t s  show th a t  a f t e r  a r e d i s t r ib u t io n  p e rio d  of 42 days, 85% of 
th e  r a d io a c t iv i ty  de riv ed  frcm a s in g le  t r a c e r  dose of 
[ 14C ]- la b e lle d  2,2 ’ ,4 ,4 ' ,5 ,5 hexa chi or obi phenyl was found in  f a t  
and 15% in  sk in . They e stim ated  th a t  l e s s  th an  20% of th e  dose 
in g e s ted  would ever be e x c re te d . In  c o n tra s t ,  minimal amounts o f 4 - ,  
4 , 4 '-  or 2,2 ' , 4 , 5 , 5 ' -  s u b s t i tu te d  congeners were r e ta in e d  in  th e se  
t i s s u e s ,  most having  been e lim in a te d . The same w orkers judged th a t  
o ra l  ab so rp tio n  of PCBs i s  good, since  t i s s u e  le v e l s  in  d i f f e r e n t  
organs were very  s im ila r  a f t e r  o ra l and in trav en o u s  a d m in is tra tio n .
Good o ra l  ab so rp tio n  of PCBs in  th e  r a t  was a ls o  re p o r te d  by Albro 
and F ish b e in  (193) who m easured th e  appearance of a range of 
congeners in  fa e c e s  and u r in e . In  most cases  95%+ of th e  dose was 
absorbed o r a l ly .
H utzinger e t  a l .  (99) observed  an apparen t i n a b i l i t y  of r a t s  and
pigeons to  m etabo lise  2 ,2 ' ,4 ,4 • ,5 ,5 '-h e x ac h io ro b i phenyl, whereas
mono-hydroxy m e ta b o lite s  of 4 - ,  4 ,4 '-  and 2,2 ' , 5 , 5 ' -  s u b s t i tu te d
congeners were d e tec te d  in  fa e c e s  and u r in e . Kato e t  a l .(1 9 4 )  gave
14t r a c e r  doses of [ C]- la b e l le d  hexa chi or obi phenyls to  r a t s  and
m easured th e  appearance of r a d io a c t iv i ty  in  fa e c e s  and u r in e . Rapid 
m etabolism  and e lim in a tio n  of 2 ,2  ' ,3 ,3 ’ ,6 ,6 hexa ch i or obi phenyl was 
observed . Using mass sp e c tr  cme t r y  and NMR they  shewed th a t  
n e g l ig ib le  e x c re tio n  of th e  unchanged p a re n t compound o ccu rred . In  
o th e r w ords, th e  m olecule was e lim in a te d  alm ost e n t i r e ly  as 
m e ta b o lite s .
In  c o n tra s t ,  in  th e  same study congeners s u b s t i tu te d  in  th e
2,2 1,3 ,3 ’ , 5 , 5 2 , 2  *,4,4 ' ,5 ,5  *- and 2,2 ’ ,4 ,4 ' ,6 , 6 p o s i t io n s  were 
e x c re ted  only slow ly. The m e ta b o lite s  which they id e n t i f ie d  
c o n s is te d  of hydroxylated  PCBs. D ech lo rin a tio n  or c h lo r in e  s h i f t s  
had o ccu rred  in  p la c e s . They concluded frcm th e  n a tu re  of th e  
m e ta b o lite s  t h a t  h y d ro x y la tlo n  had o ccu rred  v ia  an a rene  oxide 
in te rm e d ia te  in  th e  manner suggested  by Daly e t  a l . ( 1 9 5 ) .  Metabolism 
by th e  d i r e c t  in s e r t io n  of a hydroxyl group was a ls o  co n sidered  
p o s s ib le , according  to  th e  mechanism proposed by Jensen  and 
Sundstrcm (1 9 6 ). The l a t t e r  w orkers suggested  t h a t  h y d ro x y la tio n  of 
is o la te d  u n su b s ti tu te d  carbon atoms in  PCBs m ight proceed by a
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d i f f e r e n t  p a th w a y  w h ic h  i s  s l o w e r  t h a n  t h e  a r e n e  o x i d e  r o u t e .
S tu d ies  of PCB metabolism in  man have of n e c e s s ity  been l im ite d ,  but 
th e  Yusho and Taiwan po ison ings have p rov ided  some In fo rm atio n . 
Kuroki and Masuda (197) measured some PCB congeners in  ad ipose 
t i s s u e  and blood of Yusho p a t ie n ts  n ine  y e a rs  a f t e r  they had been 
poisoned, and compared th e se  le v e l s  to  th o se  in  th e  normal 
(non-poisoned) p o p u la tio n  a s  c o n tro ls .  The le v e l  of 2 , 3 ' , 4 , 4 ' , 5 -  
penta ch i or obi phenyl (PCB 118) had d ec lin ed  in  th e se  p a t ie n ts  to  th a t  
of th e  normal p o p u la tio n . The le v e l s  of 2 ,3 ,3 ' ,4 ,4 ' ,5 -  hexa ch i or o- 
b ip h en y l (PCB 156) and 2,2 ' ,3 ,3 ' ,4 ,4 * ,5 -  hepta  chi or obi phenyl were 
r a th e r  e le v a te d  ( th e  l a t t e r  being 0.28 ppb compared to  0 .11 ppb in  
c o n t r o ls ) .  However th e  l e v e l s  o f 2 ,2  ' ,4 ,4  ' ,5 ,5  and
2.2 ' ,3 ,4 ,4 ' ,5 -hexach io rob ipheny ls  and 2 , 2 ' , 3 , 4 , 4 ' , 5 , 5 ' - hepta ch i or o- 
b ip heny l were more e lev a te d  s t i l l .  Thus th e  congeners w ith  a d jacen t
2.3 p o s i t io n s  f r e e  were p re sen t a t  th e  low est l e v e l s .  Those w ith o u t
2.3 or 3 ,4  or 2 ,3 ,4  p o s it io n s  f r e e ,  or those  in  which th e  2,3
p o s i t io n s  w ere f r e e  but ano ther o rth o  c h lo rin e  was p re s e n t, appeared 
to  be more p e r s i s te n t .  However, th e  le v e l s  o f th ese  congeners in  th e  
to x ic  r i c e  o i l ,  which was th e  v e h ic le  of th e  po ison ing , were not
measured in  t h i s  study and so th e  r e s u l t s  could  be m is lead in g .
Chen e t  a l .(1 9 8 )  d id  hcwever compare PCB congener l e v e l s  in  th e  
blood o f th e  Taiwan po ison ing  v ic tim s  w ith  those  in  th e  r i c e  o i l
im p lica ted  in  t h a t  in c id e n t .  They concluded t h a t  t e t r a -  and p en ta -
ch l or obi phenyls w ith  3 ,4 p o s it io n s  f r e e  a re  e lim in a ted  q u ic k ly , but 
e lim in a tio n  i s  slower i f  only th e  2,3 p o s i t io n s  a re  f r e e .  The
e lim in a tio n  r a t e  of hexa- and h e p ta -  congeners w ith  only 2,3
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p o s it io n s  f r e e  was very  slow.
W olff e t  a l .(1 9 9 )  re p o rte d  t h a t  of 37 congeners m easured in  blood 
and ad ipose  t i s s u e  of w orkers o c cu p a tio n a lly  exposed to  v a rio u s  PCB 
m ix tu res , those  w ith  u n su b s titu te d  3,4 p o s it io n s  w ere p re se n t in  
much lcw er co n ce n tra tio n s  th a n  congeners in  which th e  2,3 r a th e r  
than  th e  3 ,4  p o s it io n s  were f r e e .
The m etabolism  of th e  PCBs has been review ed by Safe e t  a l . ( 2 0 0 ) .
8 .3 .3 QSAR: Enzyme Induction
The s tu d ie s  d iscu ssed  in  s e c tio n  8 .3 .2  in d ic a te  th a t  th e  r a t e  of 
e lim in a tio n  of PCB congeners depends on t h e i r  r a t e  of m etabolism  to  
more p o la r  compounds p r io r  to  e x c re tio n  in  u rin e  and fa e c e s . I t  
fo llcw s  t h a t  th e  e lim in a tio n  r a t e  w i l l  in flu en ce  th e  ex ten t to  which 
PCBs e x e r t  t h e i r  e f f e c t s ,  and th e re  i s  evidence th a t  t h i s  i s  th e  
case . H ansell e t  a l .(2 0 1 )  ad m in is te red  PCB congeners in  s in g le  i . p .  
doses of 0 .2  mmolKg-* to  young a d u lt  male W istar r a t s  and re p o r te d  
th a t  4 , 4 ' -  and 2,2 ' , 5 , 5 s u b s t i tu te d  congeners were r a p id ly  
e lim in a ted  frcm l i v e r .  These congeners a ls o  caused very  l i t t l e  
in d u c tio n  of p -n itro an iso le -O -d em eth y lase  and a n i l in e  hydroxy lase , 
and very  l i t t l e  change in  l i v e r  morphology. However th e  2 ,2 ' ,4 ,4  
and 2,2 ' ,4 ,4 ' ,5 ,5 s u b s t i tu te d  congeners were e lim in a ted  f a r  more 
slcw ly  and a ls o  caused marked changes in  th e se  param eters w ith in  
th re e  days. The changes due to  th e  hexa chi or obi phenyl l a s t e d  fo r  
over 3 5 days.
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Ecoblchon and Comeau (202) s tu d ie d  th e  e f f e c t s  o f a s e r ie s  o f PCB 
congeners rang ing  frcm mono- to  o c tach lo ro b ip h en y ls  ad m in is te red  to  
w eanling  male W lstar r a t s  a t  a dose of 50 mgKg-^day-^ fo r th re e  
co n secu tiv e  days. They observed th a t  in d u c tio n  of p -n itro a n iso le -O -  
dem ethylase and a n il in e  hydroxylase  was g re a tly  enhanced by th e  
presence of ch lo rin e  s u b s t i tu e n ts  a t  both of th e  para  ( 4 ,4 ')  
p o s i t io n s .  They p o s tu la te d  t h a t  t h i s  was due to  a decreased  r a t e  of 
m etabolism  caused by c h lo r in e s  in  th e se  p o s i t io n s .  The ex cep tio n  to  
t h i s  was 2 ,2 ' ,4 ,4 ' ,6 ,6 '-h ex a  ch i or obi phenyl which d id  n o t induce th e  
dem ethylase enzyme. Presunably th e  p resence of fo u r o r th o  
s u b s t i tu e n ts  in  t h i s  m olecule d ecreases  i t s  re c e p to r  b ind ing  to  such 
an e x te n t t h a t  i t  i s  a weak inducer r e g a rd le s s  of i t s  r a t e  of 
e lim in a tio n . The same w orkers n o tic e d  an in te r e s t in g  d if fe re n c e  
between th e  mixed fu n c tio n  o x id ases  (dem ethylase and a n i l in e  
hydroxy lase) which a re  lo c a te d  bound to  th e  endoplasm ic re ticu lu m  in  
h ep a to cy tes  and some enzymes l e s s  lo c a l is e d  w ith in  th e  c e l l  (h e p a tic  
c a rb o x y le s te ra se s  and BSP-GSH co n jugating  enzyme). In d u c tio n  of th e  
form er group was in flu en ced  by a 4 , 4 '- s u b s t i t u t i o n  p a t te r n  in  PCBs 
as  d e sc rib ed , but in  th e  l a t t e r  group th e  p o s i t io n  of th e  c h lo r in e  
atcm s in  th e  m olecule appeared to  be l e s s  im portan t fo r  in d u c tio n .
182
8 .4  R e l a t i v e  T o x l c i t i e s  o f  t h e  C o n g e n e r s  U s e d
Based on th e  d iscu ss io n  of to x ic i ty  in  s e c t io n  8 .3 .1  th e  o rd er of 
to x ic  potency of th e  congeners used in  t h i s  study  would be expected  
to  shew th e  cop lanar PCB 16 9 as th e  most to x ic  and th e  d i-o r th o  
s u b s t i tu te d  PCB 97 as th e  l e a s t  to x ic  in  s tu d ie s  in v o lv in g  d i r e c t  
PCB a d m in is tra tio n  to  r a t s .  The m ono-ortho s u b s t i tu te d  PGBs 157, 189 
and 118 would be expected  to  l i e  somewhere in  between th e se  two. 
There i s  some evidence in  th e  l i t e r a t u r e  to  in d ic a te  th a t  th i s  i s  
th e  case , although no r e p o r ts  concern ing  PCB 97 have been seen . 
Yoshihara (188) a d n ln is te re d  a s in g le  i . p .  dose of PCBs 156 o r 118 
50 mgKg-^ (e q u iv a le n t to  0 .14 mmolKg-^ of PCB 156 and 0.15 mmolKg-^ 
of PCB 118) t o  four-w eek o ld  m ale W ista r r a t s .  They found t h a t  PCB 
156 was c le a r ly  more p o ten t th an  PCB 118 as an Inducer of AHH, but 
eq u a lly  p o ten t a s  an Inducer of benzphetamine dem ethylase and 
cytochrcm e P-450. Measurements o f l i v e r ,  sp leen  and thymus w eigh ts  
shewed no d if fe re n c e s  between them, but PCB 156 caused a g re a te r  
in c re a se  in  l i v e r  l i p i d s .
As m entioned in  s e c tio n  5 .1 1 .2 , Park inson e t  a l .  (123) u s in g  two 
doses o f 0 .15 mmolKg-1 in  one-month o ld  m ale W istar r a t s  found th a t  
PCB 118 was more p o ten t th an  PCB 157 based  on t h e i r  e f f e c t s  on 
cytochrcme P-450, amlnopyrine dem ethylase a c t i v i t y  and microsomal 
p ro te in . Hcwever th i s  o rd e r was re v e rse d  i f  comparison was based on 
t h e i r  e f f e c t s  on AHH a c t iv i ty  and l iv e r :b o d y  r a t io ,  although th e  
d if fe re n c e s  between th e  two congeners w ere th en  sm all. In  th e  same 
study , PCB 156 shewed equal potency to  PCB 118 in  a l l  measurements 
except microsomal p ro te in  which was In c re a se d  s l ig h t ly  more by PCB
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118. There was very  l i t t l e  d if fe re n c e  between th e  th re e  congeners in  
th e  w avelength of th e  P-450 a b so rp tio n  maximun.
G o ld ste in  e t  a l .(1 2 2 )  compared th e  e f f e c t s  of PCBs 169 and 189 in  
one-month o ld  fem ale r a t s  g iven  0.014 mmolKg-^day-^ fo r  th re e  days 
and found t h a t  PCB 169 was co n sid e rab ly  more p o te n t a s  an inducer of 
cytochrcme P-450 and AHH. PCB 189 in h ib i te d  am inopyrine dem ethylase, 
whereas PCB 16 9 had no e f f e c t .
I t  can be seen frcm th e  p reced ing  d is c u s s io n  th a t  com parisons of th e  
to x ic  p o te n c ie s  of d i f f e r e n t  PCB congeners depend on th e  c r i t e r i a  
used to  measure to x ic i ty .  AHH in d u c tio n  i s  th e  most w idely  used 
y a rd s t ic k  because i t  i s  b e liev ed  to  be im p lic a te d  in  th e  fo rm ation  
of to x ic  r e a c t iv e  m e ta b o li te s  (a ren e  o x ides) from v a rio u s  p o ly c y c llc  
a r  cm a t i c  hydrocarbons (PAHs), such as benzpyrene, and a s  such to  be 
fundam ental in  e x p re ss in g  th e  to x ic i ty  of th e  PAHs (2 0 0 ). As 
a lread y  d iscu ssed , AHH in d u c tio n  i s  a ls o  a f e a tu r e  of those 
(MC-type) c h lo r in a te d  hydrocarbons which shew th e  g re a te s t  to x ic i ty  
as judged  by o th er (non-enzyme) t e s t s .
Hcwever, in  s p i te  of th e  undoubted u se fu ln e ss  o f AHH as  a to x ic i ty  
In d ic a to r , th e re  i s  no f iim  In d ic a tio n  in  th e  l i t e r a t u r e  th a t  th e  
in d u c tio n  of o th e r enzymes i s  n o t eq u a lly  harm ful in  th e  lo n g  term . 
T herefore  th e  assessm ent of to x ic i ty  based on enzyme in d u c tio n  
should use a v a r ie ty  of d i f f e r e n t  c la s s e s  of enzymes to  d e te c t a 
broader range of e f f e c t s  th a n  i s  a ffo rd e d  by AHH in d u c tio n  a lo n e . I f  
AHH in d u c tio n  a lone  i s  used to  compare th e  congeners used in  t h i s  
s tu d / ,  th e  rank  o rd e r of potency in d ic a te d  by th e  pub lished
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l i t e r a t u r e  i s  PCB 16 9 >PCB 157 >PCB 118 >PCB 189, which ag rees w ith  
th e  conclusion  reached  in  ch ap te r f iv e  based on a l l  th e  r e s u l t s  
o b ta in ed  in  t h i s  s tudy . I f  however dem ethylase In d u c tio n  i s  used 
th en  th e  o rder i s  PCB 118 >PCB 157 >PCB 16 9 .
This ran k  o rd er of potency based on p u b lish ed  r e p o r ts  of dem ethylase 
in d u c tio n  i s  q u i te  d i f f e r e n t  frcm th a t  In d ic a te d  by th e  am inopyrine 
dem ethylase r e s u l t s  in  t h i s  s tudy , which show an o rd e r of PCB 169 
>PCB 157 >PCB 118 >PCB 189 >PCB 97. This d iscrepancy  may r e f l e c t  
pharm acokinetic  d if f e re n c e s  between th e  congeners (see  s e c tio n  1 .9 ) .  
The r e s u l t s  quoted above frcm th e  p u b lish ed  l i t e r a t u r e  r e f e r  to  
s tu d ie s  in  which r a t s  were dosed d i r e c t ly  w ith  th e  PCBs, in s te a d  of 
in g e s tin g  them in  t h e i r  m o th e r 's  m ilk  a s  o ccu rred  in  t h i s  s tu d y . 
Five of th e  congeners used in  t h i s  study were I d e n t i f i e d  in  human 
m ilk  by Safe e t  a l .  (34) who d id  n o t d e te c t PCB 16 9. Although th ese  
congeners can be tr a n s fe r r e d  In  m ilk  th e re  i s  no in d ic a t io n  in  th e  
l i t e r a t u r e  of th e  e x te n t to  which they a re  e x c re ted  in  m ilk  r e l a t i v e  
to  th e  amounts in g e s te d .
Hcwever Masuda e t  a l . ( 8 2 )  fed  seven  d i f f e r e n t  PCB congeners to  mice 
a t  low c o n ce n tra tio n s  in  t h e i r  d ie t  (about 0 .4  ppn) frcm day one to  
day 18 of pregnancy and measured whole body PCB le v e ls  d u rin g  th e  
l a c t a t io n  p e rio d . They found th a t  very  l i t t l e  (<0.3%) of th e  to t a l  
dose of any of th e  congeners in g e s te d  by dams was t r a n s f e r r e d  to  th e  
fo e tu s  by day 18 of pregnancy. The amounts ap p earing  in  th e  suck led  
pups v a r ie d  g re a t ly .  Two h exach lo rob ipheny ls and one 
octa  chi or obi phenyl were r e a d ily  t r a n s fe r re d  in  m ilk , so t h a t  by th e  
tim e th e  pups were two weeks o ld  they  had accum ulated 44-53% of th e
185
dose in g e s ted  by th e  dams. In  c o n tra s t  a t r i  chi or obi phenyl, a 
te t r a c h l  or obi phenyl, a pen tach lo ro b ip h en y l and a h e p tac h lo ro - 
b ipheny l were t r a n s fe r r e d  to  a minor e x te n t on ly , l e s s  th a n  3% of 
th e  dose of each accum ulating by two weeks of age. In  a l l  cases  th e  
dams con ta in ed  on ly  tra c e  amounts of PCB a f t e r  th e  l a c t a t i o n  p e rio d .
Masuda e t  a l .  concluded t h a t  th e  low er c h lo r in a te d  and th e  
hepta c h lo r in a te d  congeners had been e lim in a te d  frcm th e  dams' bod ies 
b e fo re  t r a n s f e r  in  m ilk  cou ld  o ccu r, w h ile  th e  hex ach lo ro - and 
o c tach lo ro b ip h en y ls  were r e ta in e d  in  th e  dams' bod ies and so  were 
a v a ila b le  fo r  m ilk  t r a n s f e r .  As th e  h ep ta  ch i or obi phenyl had been 
e lim in a ted  b e fo re  m ilk  t r a n s f e r  as w e ll as th e  low er c h lo r in a te d  
congeners, th e  p o s it io n  a s  w e ll as th e  t o t a l  number of c h lo rin e  
atcms in  th e  PCB m olecule was th o u g h t to  be Im portant in  de term in ing  
e lim in a tio n  r a t e s .
In  t h i s  study , dosing  w ith  s in g le  congeners was c a r r ie d  o u t d u ring  
l a c t a t io n  in s te a d  of d u ring  g e s ta t io n  a s  in  th e  study of Masuda e t  
a l .  However, s im ila r  k in e t ic  c o n s id e ra tio n s  would be expected  to  
app ly . The very  weak in d u c tiv e  e f f e c t s  of PCB 97 compared to  th e  
o th er congeners used may have been due p a r t ly  to  f a s t e r  e lim in a tio n  
frcm th e  1 ac ta  t in g  dams by m etabo lic  ro u te s  r a th e r  than  by t r a n s f e r  
of th e  unchanged congeners in  m ilk . PCB 97 I s  
2 , 2 ' , 3 ' , 4 , 5 -p en tach io ro b ip h en y l and so p o ssesses  u n s u b s ti tu te d  
carbon atcms in  p o s i t io n s  4 ' , 5 '  and 6 ' (which i s  e q u iv a le n t to  
p o s it io n s  2 , 3 and 4 be in g  f r e e ) .  As d e sc rib ed  in  s e c t io n  8 .3 .2 ,  th e  
presence of t h i s  s u b s t i tu t io n  p a t te r n  i s  considered  to  favour 
h y d roxy la tion  of th e  r in g ,  and th e re fo re  to  prcmote e lim in a tio n  of
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t h e  PCB frc m  t h e  b o d y  I n  t h e  f a e c e s  a n d  u r i n e .
PCB 118 Is  2 , 3 ' , 4 , 4 ' , 5 -p en tach io ro b ip h en y l and so i s  u n su b s titu te d  
in  a 2,3 p o s i t io n  on one r in g .  This s u b s t i tu t io n  p a t te rn  fa v o u rs  
m oderately  f a s t  e lim in a tio n  but no t a s  f a s t  a s  in  th e  case of PCB 
97 . However th e  presence of th e  o rth o  s u b s t i tu e n t  would slow down 
i t s  m etabol ism. PCB 189 is  2 ,3 ,3 ' ,4 ,4  ' ,5 ,5 '-h e p ta  ch i or obi phenyl and 
so a l l  of th e  u n su b s titu te d  p o s i t io n s  a re  i s o la te d  frcm each o th e r .  
This s t r u c tu r e  should  n o t favou r ra p id  m etabolism , which would be 
expected  to  proceed v ia  th e  slow er p ro cess  of d i r e c t  in s e r t io n  o f a 
hydroxyl group (se e  s e c tio n  8 .3 .2 ) .  This in  tu rn  should  favour 
ex p ress io n  of th e  enzyme inducing  e f f e c t s  of th e  m olecu le.
PCB 157 i s  2 ,3 ,3 ' ,4 ,4 ' ,5 '-h ex a  chi or obi phenyl which has an 
u n su b s titu te d  2,3 p o s i t io n  and an o r th o  c h lo rin e  a ta n . The same 
c o n s id e ra tio n s  apply  as in  th e  case of PCB 118. PCB 16 9 i s  
3 ,3 ' ,4 ,4 ' ,5 ,5 '-h ex a  chi or obi phenyl which l ik e  PCB 189 co n ta in s  only  
is o la te d  u n s u b s ti tu te d  p o s i t io n s  and so m etab o lisn  i s  expected  to  be 
slow.
I t  appears  t h a t  s t r u c tu r e - a c t iv i ty  theory  can be used to  e x p la in  th e  
com parative to x ic i ty  of d i f f e r e n t  congeners in  term s of t h e i r  
re c ep to r b ind ing  and m e tab o lisn . Biocca (187) found th a t  th e  
to x ic i ty  of fou r sym m etrical hexach io rob ipheny ls  fe d  to  five-w eek  
o ld  mice fo r  2 8 days a t  d ie ta ry  c o n c e n tra tio n s  of up to  300 ppm 
decreased  in  th e  o rder of 3 ,4 ,5  s u b s t i tu t io n  >2,4,6 >2,4,5 > 2 ,3 ,6 . 
The m etabolism  of th e  3 ,4 ,5  s u b s t i tu te d  congener (PCB 169) would be 
expected  to  be th e  slow est and t h a t  of th e  2 ,3 ,6  congener th e
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f a s t e s t ,  of a l l  th e  congeners used. The b ind ing  of PCB 16 9 to  th e  Ah 
re c e p to r  would be g re a te s t  s in ce  I t  I s  a cop lanar congener. The
b in d in g  o f th e  o th er th re e  m olecu les would be r e l a t iv e ly  weak as
they  each c o n ta in  a t  l e a s t  two o rth o  groups. QSAR does n o t y e t  allow
p re d ic t io n  of th e  r e l a t i v e  to x ic i ty  of th e  2 ,4 ,6  and th e  2 ,4 ,5
s u b s t i tu te d  congeners.
Frcm t h i s  d iscu ss io n , th e  s t r u c tu r e s  of th e  PCB congeners used In  
t h i s  study  would be expected  to  show e lim in a tio n  r a t e s  In c re a s in g  In  
th e  fo llo w in g  o rd e r : PCB 169 ■ PCB 189 <PCB 157 * PCB 118 <PCB 97. 
This ran k  o rd er p a r t i a l l y  ex p la in s  th e  r e l a t i v e  p o te n c ie s  observed  
In  t h i s  study  of PCB 169 >PCB 157 >PCB 118 >PCB 189 >PCB 97. PCB 169 
w ith i t s  cop lanar s t r u c tu r e  i s  a ls o  slow ly m etabo lised  and i s  
th e re fo re  th e  most to x ic  congener. PCB 97 w ith i t s  d i-o r th o  
s u b s t i tu e n ts  would be expected  to  shew weak re c e p to r  b ind ing  and to  
be m e tab o lised  th e  f a s t e s t ,  and th e re fo re  would be th e  l e a s t  to x ic  
congener. PCB 189 hcwever would be expected  to  be more to x ic  th an  
PCBs 157 and 118 on th e  b a s is  of i t s  expected  slow er e lim in a tio n  
r a t e .
PCBs 16 9 and 157 were th e  only two congeners to  cause n o tic e a b le  
changes in  pups of second l i t t e r s .  The expected  slow e lim in a tio n  
r a t e  of PCB 16 9 would favour i t s  r e te n t io n  in  th e  dams' t i s s u e s  more 
than  in  th e  case of th e  o th e r congeners. This must have r e s u l te d  in  
enough re s id u a l PCB rem aining to  be t r a n s fe r r e d  In  m ilk  d u rin g  th e  
second la c t a t io n .  The la c k  of d i r e c t  measurements of PCB t is s u e  
le v e l s  in  t h i s  study makes i t  im possib le  to  d is t in g u is h  between 
pharm acokinetic  and pharmacodynamic e f f e c t s .  Seme of th e  o th e r
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congeners a p a r t  f ra n  PCBs 16 9 and 157 may have been t r a n s f e r r e d  to  
second l i t t e r  pups, but i f  they were I t  was g e n e ra lly  In  amounts
t h a t  were too  sm all to  have an e f f e c t .
When comparing th e  r e l a t i v e  p o te n c ie s  of PCB congeners u s in g  d i r e c t  
s in g le  dosing s tu d ie s  w ith  those  u sing  m ilk  t r a n s f e r  s tu d ie s ,  two 
f u r th e r  a sp e c ts  need c o n s id e ra tio n . The f i r s t  I s  th e  k in e t ic  f a t e  of
each congener a f te r  t r a n s fe r  to  pups In  m ilk . The p u b lish ed  r e p o r ts
concerning PCB metabolism and in d u c tiv e  e f f e c t s  r e f e r  m ainly to  
s tu d ie s  in  th e  r a t  or mouse w ith  w eanling  o r a d u lt  an im als r a th e r  
than  su ck lin g  pups. There may be d if f e r e n c e s  In  th e  h an d lin g  of PCBs 
in  anim als o f th i s  age which can enhance or d im inish  th e  e f f e c t s  of 
c e r ta in  PCB congeners depending on t h e i r  s t r u c tu r e s .
The o th e r fa c to r  which may be Im portan t I s  th e  e f f e c t  of continuous 
PCB exposure throughout th e  f i r s t  21 days p o stpartum . This i s  a 
p e rio d  of l iv e r  enzyme developnent (see  s e c tio n  4 .9 ) .  The PCB-enzyme 
in te r a c t io n  during  t h i s  development p e rio d  h a s  n o t been c lo se ly  
s tu d ie d . The ex ten t to  which th e  e f f e c t  of a g iven  dose may be 
m agnified  or d im inished a s  a r e s u l t  of t h i s  in te r a c t io n  i s  unknown. 
Consequently i t  would seem unreasonab le  to  assune th a t  a s in g le  dose 
of a PCB congener ad m in is te red  d i r e c t ly  to  a 21-day o ld  r a t  would 
have th e  same e f f e c t ,  r e l a t i v e  to  an o th er congener, as 
a d D in ls tra tio n  of th e  same dose slow ly over th e  f i r s t  21 days 
postpartum . Both pharm acokinetic  and pharmacodynamic in f lu e n c e s  may 
be involved  h e re , and t h i s  e f f e c t  i s  d i s t i n c t  frcm p o s s ib le  
pharm acokinetic d if f e re n c e s  between congeners in  th e  e x te n t to  which 
they appear in  m ilk .
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8 .5  I n d u c t i o n  P a t t e r n s  s e e n  i n  t h i s  S tu d y
As d iscu ssed  in  s e c tio n  5 .1 1 .2 , some unexpected r e s u l t s  w ere seen  in  
t h i s  study in  th e  pups suck led  by dams t h a t  had re c e iv e d  PCB 
congeners. PCS 16 9 induced am inopyrine dem ethylase c o n tra ry  to  
r e p o r ts  a lread y  m entioned t h a t  i t  does n o t induce t h i s  enzyme and in  
f a c t  can in h ib i t  i t  in  one-month o ld  r a t s  dosed d i r e c t ly  (1 2 2 ,1 7 1 ). 
PCS 16 9 a lso  in h ib i te d  a n i l in e  hydroxy lase , a lthough an In c re a se  had 
been expected . These r e s u l t s  in d ic a te  th a t  PCS 16 9 behaved more a s  a 
m ixed-type enzyme Inducer r a th e r  than  a MC-type a s  h a s  been re p o r te d  
(1 2 0 ). In  a d d itio n  th e  w avelength of th e  a b so rp tio n  maximum was very  
s im ila r  to  t h a t  of PCBs 157 and 118, which have been shown to  be
m ixed-type in d u cers  a s  d iscu ssed  in  s e c tio n  5 .1 1 .2 .  Perhaps an
e x p lan a tio n  of th ese  o b se rv a tio n s  l i e s  a g a in  in  th e  p a t te r n  of
exposure of th e  pups to  th e  PCB, as d iscu ssed  in  s e c t io n  8 .4 .
The o th e r congeners used in  t h i s  study behaved on th e  whole a s  
m ixed-type enzyme in d u ce rs , as they  a re  re p o r te d  to  be, s in ce  they 
induced both a n il in e  hydroxylase  and am inopyrine dem ethylase. (T h is  
in d u c tio n  p a t te rn  would a ls o  be produced by pure IB -type in d u c e rs ) .
8 .6 I s  B reast-F eed in g  Hazardous?
The d e c is io n  of w hether or no t to  b re a s t- f e e d , based on an 
assessm ent of th e  r i s k  of t r a n s f e r r in g  a to x ic  burden of chem icals 
to  th e  in fa n t ,  i s  d i f f i c u l t  to  make. The advan tages of 
b re a s t- fe e d in g  a re  new w ell recogn ised  and have been d iscu ssed  by 
G a rfie ld  (203 ). They inc lude  b e n e f i ts  to  th e  m other such as w eigh t
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lo s s ,  th e  speedy re tu rn  o£ th e  u te ru s  to  i t s  p re-pregnancy s iz e  (due 
to  s tim u la tio n  of oxy toc in  s e c re tio n )  and th e  su p re ss lo n  of 
re p ro d u c tiv e  fu n c tio n . B e n e fits  to  th e  In fa n t  Inc lude  a more 
fav o u rab le  p ro te in  com position In  human m ilk  (compared to  cow 's m ilk  
or in f a n t  fo rm u lae), in c reased  r e s is ta n c e  to  In fe c t io n s  due to  th e  
presence of Immunoglobulins in  b re a s t  m ilk , and a p o s s ib le  decrease  
in  h e re d ita ry  a l l e r g ie s .  There i s  seme evidence th a t  b re a s t- f e d  
b ab ies  have a lower inc id en ce  of le a rn in g  d i s a b i l i t i e s ,  and 
p sy ch o lo g ica l b e n e f i ts  to  both mother and c h i ld  have been no ted . In  
th e  l a s t  few decades th e  advan tages of b re a s t- fe e d in g  have become 
more w idely  ap p rec ia ted  and th e  e a r l i e r  post-w ar tre n d  tow ards
b o t t le - f e e d in g  has been g rad u a lly  rev e rsed , a t  l e a s t  in  th e
in d u s t r ia l i s e d  c o u n tr ie s .
On th e  o th e r hand, i t  i s  now known t h a t  unwanted compounds such as 
PCBs can be t r a n s fe r r e d  to  th e  b re a s t- f e d  in f a n t  in  m ilk  (see
se c tio n  1 .6 ) .  C erta in  drugs can a ls o  be t r a n s f e r r e d  (2 0 4 ,2 0 5 ). 
G a rf ie ld  (206) in d ic a te d  th a t  th e  t r a n s f e r  of x en o b io tic s  was th e  
main d isadvantage of b re a s t- fe e d in g . Toxic e f f e c t s  in  hunan in f a n ts  
have been a t t r ib u te d  to  PCBs t r a n s f e r r e d  in  human m ilk  (see  s e c tio n  
1 .6 ) ,  although some surveys of hunan in fa n ts  have f a i l e d  to  d e te c t  
any c l i n i c a l l y  s ig n i f ic a n t  consequences of such exposure (2 0 7 ). 
Because of the  resu rgence  in  p o p u la r ity  of b re a s t- fe e d in g  th e  
d isad v an tag es  need to  be co n sid e rab le  b e fo re  m others a re
d iscouraged . For tra c e  le v e l s  of x en o b io tic s  in  m ilk  to  c o n s t i tu te  a 
c o n tra - in d ic a t io n , convincing  to x lc o lo g ic a l  evidence i s  re q u ire d .
The s i tu a t io n  a t  p re sen t i s  t h a t  a lthough  contam inants such as PCBs
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a re  reco g n ised  as  a p o te n tia l  hazard , th e  h azard  needs to  be 
q u a n t i f ie d  in  sane way be fo re  recommendations to  r e s t r i c t  
b re a s t- fe e d in g  can be j u s t i f i e d .  The t r a n s f e r  of PCBs in  m ilk  v a r ie s  
acco rd in g  to  la c ta t io n  h is to ry  and d u ra tio n  of l a c t a t i o n  (3 8 ,1 7 0 ) . 
G enera lly , PCB le v e ls  tend  to  be h igher e a r l i e r  in  l a c t a t i o n  and 
du rin g  a m o th e r 's  f i r s t  l a c ta t io n ,  because a t  such tim es th e  t o t a l  
body burden of PCBs i s  g r e a te s t .  I f  those PCB congeners most l ik e ly  
to  cause to x ic i ty  a re  id e n t i f ie d ,  c o n g en e r-sp e c if ic  m ilk  a n a ly se s  
can be used to  screen  human m ilk  fo r  th e  presence of th e se  "high 
r isk *  congeners. I f  such congeners were p re se n t above a c e r ta in  
p re-de term lned  c o n cen tra tio n , t h i s  would form a rea so n a b le  b a s is  fo r  
recommending th a t  b o t t le  feed in g  be used w ith  manual ex p ress io n  of 
m ilk  to  reduce the  PCB lo ad , fo r  a l im ite d  p e rio d  u n t i l  m ilk  PCB 
le v e l s  had d ec lin ed .
8.7 C ritic ism s
As m entioned in  se c tio n  8 .4 any assessm ent of to x ic i ty  must be based 
on a s  many param eters as p o s s ib le . The scope of t h i s  study  is  
l im ite d  in  t h i s  re s p e c t, as only two enzymes were s tu d ie d . 
P a r t i c u la r ly ,  a purely  cytochrane P-448 dependent enzyme such as 
e th o x yreso ru f ln -O -deethy lase  should be in c lu d ed .
In o rd e r to  complete any comparisons between d i f f e r e n t  PCB congeners 
in  m ilk  t r a n s f e r  s tu d ie s , pharm acokinetic as  w e ll as pharmacodynamic 
measurements a re  d e s ira b le . This study d id  n o t Inc lude  any assays of 
PCBs in  th e  t i s s u e s  of th e  dams o r suckled  pups, and so th e  f a t e  of 
each congener can only  be in fe r r e d .
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The a tte m p ts  to  d e te c t synergism  between th e  congeners used were 
to o  l im ite d ,  and would have been more u sefu l i f  a range of doses and 
congener com binations had been used. Again, o th e r enzymes may be 
more s u i ta b le  fo r  d e te c tin g  synergism .
8.8 C onclusions
The o b je c t iv e s  of th e  study adopted in  chap ter one ( s e c t io n  1 .9 ) 
were b road ly  met, i . e . :
-  th e  tim ing  of m aternal PCB exposure appeared unim portant a t  
th e  dose le v e l  used, to  d e te c t e f f e c t s  in  suck led  pups;
th e  genera l method used seems s u i ta b le  fo r  th e  comparison 
of d i f f e r e n t  PCB congeners w ith  re sp ec t to  t h e i r  e f f e c t s  in  
r a t  pups suck led  by PCB-exposed m others;
-  when s in g le  PCB congeners were ad m in is te red  to  l a c t a t i n g  
r a t s ,  t h e i r  o rder of to x ic  potency observed in  suck led  pups 
was PCB 16 9 >PCB 157 >PCB 118 >PCB 189 >PCB 97;
no synergism  was d e te c te d  between PCBs 16 9 and 97 a t  th e  
doses used, but synergism may s t i l l  be im portan t in  PGB 
t o x i c i t y ;
-  th e  o rd er of potency in d ic a ted  by m ilk t r a n s f e r  s tu d ie s  was 
b road ly  confirm ed by l im ite d  to x ic i ty  t e s t s  in v o lv in g  sk in  
h is to lo g y  and organ w e ig h ts ;
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no d if fe re n c e s  between th e  sexes were seen  in  th e  e f f e c t s  
of any of th e  PCB congeners used;
-  PCBs 16 9 and 157 p e r s i s t  in  dams beyond th e  f i r s t  l a c t a t i o n  
fo llo w in g  exposure and cause e f f e c t s  in  second l i t t e r s .
8 .9 Recommendations fo r  Fu tu re  Work
As in d ic a te d  in  th e  c r i t ic is m  in  s e c tio n  8 .7 ,  th e  method fo r  
comparing th e  e f f e c t s  of d i f f e r e n t  PCB congeners t r a n s f e r r e d  to  r a t  
pups in  m ilk  should  be c a r r ie d  ou t w ith  o th er enzymes in  a d d it io n  to  
those  used in  t h i s  s tu d y . The k in e tic s  of th e  congeners used shou ld  
be examined u s in g  a p p ro p r ia te  gas chrom atographic a ssay s  to  m easure 
PCB le v e l s  in  t i s s u e s .  In v e s tig a t io n s  in to  th e  tim e-co u rse  of 
in d u c tio n  would be u s e fu l, e s p e c ia lly  i f  l in k e d  to  PCB a ssay s .
A ll s tu d ie s  should be c a r r ie d  ou t in  more th an  one s p e c ie s . As th e  
u ltim a te  o b je c t iv e  i s  e x tra p o la t io n  to  man, in te r - s p e c ie s  v a r ia t io n  
needs to  be a sse sse d . More congeners need to  be used, c o n ce n tra tin g  
on th o se  th a t  appear in  m ilk . The o b je c tiv e  would be to  accum ulate 
da ta  u s in g  t h i s  method fo r  as many congeners a s  p o s s ib le , to  a s s i s t  
in  to x ic o lo g lc a l  I n te r p r e ta t io n  of co n g ener-specif ic  m ilk  a n a ly se s .
L a s tly , th e  r e la t io n s h ip  between to x ic  p o te n c ie s  in d ic a te d  by m ilk 
t r a n s f e r  s tu d ie s  and o th e r , non^enzyme based to x ic i ty  measurements 
needs to  be examined. As in d ic a te d  in  s e c tio n  8 .3 .1 ,  such to x ic i ty  
data  i s  s t i l l  scan ty  and th a t  which concerns developing  n eonates i s  
p a r t ic u la r ly  needed.
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APEENDIX ONE 
Composition of B u ffe rs
Ingr edi en t B uffer No.l B uffer No.2 B uffer No.3 B uffer No.4
Na2HP04 . 2 ^ 0 8.90g 8 .90g 8.90g 8.90g
“ 2 ” 4 2.50g 2.50g 2.50g 2.50g
G lycerol 200ml 200ml — 200ml




Water to 1000ml 1000ml 1000ml 1000ml
F in a l pH ** 7.35 7 .35 7 .40 7 .40
*Full name:3-( ( 3 -cho lam idopropyl)d im ethylam m onio)-l-propanesulfonate
** F in a l pH ad ju sted  by a d d itio n  of fu r th e r  q u a n t i t i e s  of e i th e r  
phosphate s a l t  as n ecessa ry .
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APPENDIX TWO
S p e c t r a  Recorded i n  D e term in a tio n  o f  C ytochrane P-450 C o n c e n tr a t io n
0.2










420 440 460 480
WAVELENGTH, nm
The s p e c tr a  shown above w ere reco rd ed  u s in g  a l i v e r  m icrosam e  
su sp e n s io n  p rep ared  fra n  a 21-d ay  o ld  r a t  pup s u c k le d  by a dam w hich  
had been  ex p o sed  t o  PCB 16 9 d u rin g  ^ l a c t a t i o n .  The p r o te in  
c o n c e n tr a t io n  i n  th e  c u v e t t e s  was 1 .0  mgml- . For m ethod s e e  s e c t io n  
2 .6 .3 .
S pectrun  N o .l was reco rd ed  a f t e r  g a s s in g  th e  sam ple c u v e t t e  w ith  
carbon m on oxide . I t  shew s a maximum a t 420 rm due to  th e  
haem oglobin:CO  com plex.
Spectrum N o.2 was reco rd ed  a f t e r  a d d it io n  o f  sodium d i t h i o n i t e  t o  
both c u v e t t e s  fo l lo w e d  by a second  g a s s in g  o f th e  sam ple c u v e t t e .  I t  
shows a minor maximum a t 420rm due to  both th e  red u ced  cy to c h r a n e  
P-420 :CO and th e  haem oglobin:CO  co m p lex es. The spectrum  a l s o  shew s a 














C ytochrane P-450 A ssa y : Graph of A bsorbance o f Reduced C ytochrane




0 .5 1.0 1 .5 2.0
PROTEIN CONCENTRATION, m g m l-1
The ab so rb a n ce  o f th e  red u ced  c y to ch ra n e  P-450 :CO com plex was 
re co rd ed  u s in g  d i l u t i o n s  o f  th e  same m icrosam e s u s p e n s io n , as  
d e s c r ib e d  in  s e c t io n  2 .6 .3 .
APPENDIX FOUR
A niline  Hydroxylase A c tiv ity  D eterm ination : S o lu tio n s  added to
In cu b a tio n  tu b es  ( in  o rd er of ad d itio n ) b e fo re  In cu b a tin g  a t  37 C 
fo r  25 m inutes. For f u l l  procedure see s e c tio n  2 .6 .4 .
S o lu tio n Volune added, 
Test in cu b a tio n s
ml
S tandards
Phosphate b u ffe r* to  give f i n a l  
volume of 1 .0ml
0.5
TCA 25%w/v aqueous 
so lu tio n - 0 .4
PAP in  b u ffe r :*  0,0 .5 ,1 .0 ,
2 .0 ,4 .0 or 6 .0 meg in  0 .2ml - 0 .2
A n iline  46.6 mg/lOOml b u ffe r* 0.2 0.2
Mlcroscme suspension e q u iv .to  1 .0  mg 
p ro te in
0.1
NADPH g en era tin g  system** 0.2 -
*Buffer No. 3 , Appendix 1 .
**Coraposed of : NADP
G lucose-6-phosphate 
MgCl26H2 0
G lucose-6-phosphate dehydrogenase 
B uffer*
14 .9 mg 
113.5 mg 
63 .5 mg 
50.0 u n i t s  
to  10 .0 ml
Notes.
1 . A ll s o lu tio n s  were f r e s h ly  prepared  befo re  use excep t fo r  TCA.
2 . The NADPH g en era tin g  system was p re -in cu b a ted  fo r  15 m inutes a t  
37 C im m ediately b e fo re  adding to  in cu b atio n  tu b e s .
3 . The in cu b a tio n  tu b es  were p re -in cu b a ted  fo r  f iv e  m inu tes a t  37 C 
im m ediately a f te r  a d d itio n  of microsomal suspension  i . e .  ju s t  
b e fo re  a d d itio n  of NADPH g en era tin g  system .
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APPENDIX FIVE
A n ilin e  H y d ro x y la se  A c t i v i t y  D e te r m in a tio n : Change in  ab sorb an ce
w ith  in c u b a t io n  t im e  a t  37 C fo r  in c u b a t io n s  c o n ta in in g  1 .0  rag 
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APPENDIX S IX
A n i l i n e  H y d ro x y la se  A c t i v i t y  D e te r m in a t io n : Change o f  absorbance
w ith  volum e of microsome s u s p e n s io n  in c u b a te d  (37 C f o r  25 m in u t e s ) .















1 . 0  mg p r o t e i n
0.30.20.10
VOLUME MICROSOME SUSPENSION, m l
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APPENDIX SEVEN
Amlnopyrine-N-Demethylase A c tiv ity  D e term in a tio n : S o lu tio n s  added
to Qin c u b a tio n  tubes ( in  o rd er of a d d itio n )  b e fo re  in c u b a tin g  a t  
37 C fo r  25 m inutes. For f u l l  procedure see s e c tio n  2 .6 .5 .
S o lu tio n Volune added, 
Test in cu b a tio n s
ml
S tandards
Phosphate bu ffer* to  g ive f in a l  
volune of 1 .0ml
in.o
Zinc su lp h a te  15%w/v 
aqueous so lu tio n - 0.4
HCHO in  b u ffe r :*  0,0 .5 ,1*0, 
2 .0 ,4 .0 or 6 .0  meg in  0.2ml - 0 .2
Aminopyrine 28.9rog ) 
Semicarbaz ide HCL 156 . 3 mg ) 
in  b u ffe r*  to  25.0rol ) 0.2 o . to
Microsome suspension e q u lv .to  l.Omg 
p ro te in
0.1
NADPH g en era tin g  system** 0.2 —
*Buffer No. 3 ,  Appendix 1 .
**Composed of : NADP 14.9 mg
G lucose-6-phosphate 113 .5 mg
MgCl26H20 63 .5 mg
G lucose-6-phosphate dehydrogenase 50.0 u n i ts  
B uffer*  to  10.0 ml
N otes.
1 . A ll s o lu tio n s  were f r e s h ly  p repared  befo re  use excep t fo r  z in c  
su lp h a te .
2 . Thg NADPH g en era tin g  system was p re -in cu b a ted  fo r  15 m inutes a t  
37 C im m ediately befo re  adding to  in cu b a tio n  tu b e s .
3 . The in cu b a tio n  tu b es  were p re -in cu b a ted  fo r  f iv e  m inu tes a t  37°C 
im m ediately a f te r  a d d itio n  of microsomal suspension  i . e .  ju s t  
b e fo re  a d d itio n  of NADPH g en era tin g  system .
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APEENDIX EIGHT
A m inopyrine-N -D em ethylase  A c t i v i t y  D e te r m in a t io n : Change i n  f i n a l
absorbance w i th  in c u b a t io n  t im e  a t  37 C fo r  i n c u b a t io n s  u s in g  1 .0  mg
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APPENDIX NINE
A m lnopyrine-N -D em ethylase  A c t i v i t y  D e te r m in a t io n ; Change i n  f i n a l
absorbance w i th  v o lu n e  o f  microsome s u s p e n s io n  in c u b a te d  (37°C  f o r















1 . 0  mg p r o t e i n
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